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COMPOUNDS THAT INHIBIT COMPLEMENT 
AND/OR SUPPRESS IMMUNE ACTIVITY 

1. FIELD OF THE INVENTION 
The present invention relates to compounds which 
5 inhibit complement and/ or possess immunosuppressive activ- 
ity. In particular, the compounds of the present inven- 
tion, and the pharmaceutically acceptable salts thereof, 
selectively inhibit complement at the C5 step of comple- 
ment activation. The compounds of the invention are 
10 substituted dihydrobenzofurans, spirobenzof uran-2 (3H) - 
cycloalkanes , and their open chain intermediates that 
exhibit such inhibitory activates. Compounds of the 
invention also include 6 , 7-disubstituted spirobenzof uran- 
2 (3H) -cycloalkanes and 4 -substituted spirobenzof uran- 
2 (3H) -cycloalkanes. The invention relates to the use of 
these compounds for therapy of immune and/or inflammatory 
disorders . 

2o 2. BACKGROUND OF THE INVENTION 

2.1. THE COMPLEMENT SYSTEM 
The complement system is a group of proteins that 
constitutes about 10 percent of the globulins in the 
normal serum of humans (Hood, L.E. et al. 1984, Immunolo- 

25 9Y' 2d Edition, The Benjamin/ Cummings Publishing Co., 

Menlo Park, California, p. 339). Complement (C) plays an 
important role in the mediation of immune and allergic 
reactions (Rapp, H.J. and Borsos, T. , 1970, Molecular 
Basis of Complement Action, Appleton-Century-Crofts 

30 (Meredith) , New York) . The activation of C components 
leads to the generation of a group of factors, including 
chemotactic peptides that mediate the inflammation associ- 
ated with complement-dependent diseases. The sequential 
activation of the complement cascade may occur via the 

35 classical pathway involving antigen-antibody complexes, or 
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target cells, chemotaxis, opson-txon. ^ 

.vascular and other 7°^^ "^Tblood vessels, 
m ast cells, increased permeabxlxty of » 
directed miration of leucocytes, and act xvatxon of 
iymphocytes, macrophages and neutrophxls (Exsen, H.H 
™, Sinology, Harper I Row, Publishers, Inc., 

peptiTfrlgLnts, the anaphy^xin. o. , - . - « 
(S ee «HO scientific ^oup^HO - ^from ke 
5 and references cited therein , co »plement 

components (Huglx, T. Actio ns 1983 , 13, 

321; Bolt, H. and Herman, *^ de derived from . 

405V. The C5a fragment, a cationxc pep 
r first 7* amino acids of the M ino-ternxuus of the « 
. x. /m .MV n f et al» Biochemistry 1979, xo, 

3.490), is of p endogenous plasma enzyme 

tion of osa actrvxty xs by rapidly removes 

°T terminal arginxne from C5a, producing the less 
the carboxy-termxnal argxnxn Reported effects of 

25 potent but still active C5a des *rg. ^ 
C3a and CSa upon specific immune responses are 

Table I. 
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TABLE I 



EFFECTS OF COMPLEMENT COMPONENTS 
C3a AND C5a ON SPEC IFIC IMMUNE RESPONSES 



Immune Rgsppyise 

Specific antibody production 
in response to sheep red 
blood cells 

10 Polyclonal antibody 
production in response 
to Fc antibody fragment 

T cell proliferation 
in response to tetanous 
toxoid 

15 T cell proliferation in 
mixed lymphocyte reaction 

T cell-mediated cytotoxicity 



C3a 



C5a/C5a des Ara 



Suppression 



Enhancement 



Suppress ion Enhancement 



Suppression 

No effect 
Suppression 



Enhancement 

Enhancement 
Enhancement 



20 Among the wide variety of biological activities exhibited 
by C5a are contraction of smooth muscle (Wissler, J.H. 
Eur. J* Immunol. 1972, 2, 73), degranulation of mast cells 
(Johnson, A.R. et al., Immunol. 1975, 28, 1067), secretion 
of azurophilic granular enzymes from polymorphonuclear 
neutrophils (PMN ) (Webster , R . O . et al . , Immunopharmacol . 
1980, 2, 201), and the chemotaxis of PMN (Wissler, J.H. 
Eur. J. Immunol. 1972, 2, 73; Becker, E.L. Trends 
Pharmacol. Sci. 1983, 4, 223) (Table II). 



25 
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TABLE II 
btoTjOGICA t - EFFECTS OF C5a 



5 

I 



10 



15 



Stimulation of neutrophil functions 
involved in inflammation 

A. chemotaxis 

B. chemokinesis 

C. aggregation 

D. lysosomal enzyme release 

E. generation of toxic oxygen products 
II. Smooth muscle effects 

A. stomach smooth muscle contraction 

B . vasodilat ion 

II. Promotion of histamine release 

A. mast cells 

B. basophils 

IV. unmunoregulatory effects 



The active chemotactic factor in viva is considered to be 
C5a des Arg (Becker, E.L. Trends Pharmacol. Sci. 1983, 4, 
223) • 

The C5a or C5a des Arg fragments have been implicated 
25 in the infiltration of PMN (the chemotactic effect) in 
rheumatoid arthritis, certain forms of glomerulonephritis, 
experimental vasculitides such as the Arthus reaction, the 
acute pneumonitis produced by the instillation of chemo- 
tactic factors into the lungs of experimental animals wxth 
30 resulting release of leukotrienes C-4 and D-4 (LTC 4 and 
LTD 4 ) , etc. in addition, the interactions between C5a and 
neutrophils have been considered to underlie tissue damage 
in several clinical situations. For instance, there 
35 exists a growing body of evidence for the role of - 
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oxygen-derived free radicals in mediating myocardial 
tissue injury during myocardial ischemia and, in particu- 
lar , during the phase of myocardial reoxygenation and 
reper fusion. Among a number of possible sources of these 
5 radicals, the polymorphonuclear neutrophil has been the 
focus of primary attention. Studies have documented that 
neutrophil depletion or suppression of neutrophil function 
results in a significant salvage of myocardial tissue that 
is subjected to a period of regional ischemia followed by 

10 reperfusion (Simpson, P.J. and Lucchesi, B.R. J. Lab. 
Clin. Med. 1987, 110(1), 13-30). Neutrophil depletion in 
dogs resulted in significantly smaller myocardial infarcts 
after 90 minute occlusion with 24 hour reperfusion (Jolly, 
S.R. et al. Am. Heart J. 1986, 112, 682-690). 

15 One study documented the activation of complement and 

generation of oxygen-derived free radicals during cardio- 
pulmonary bypass. The administration of protamine during 
cardiopulmonary bypass further activated complement 
(Cavarocchi, N.C. et al., Circulation 1986, 74, 130-133; 

20Kirklen, J.K. et al. J. Thorac. Cardiovasc. Surg. 1983, 
86, 845-857). Also, recombinant tissue plasminogen acti- 
vator (r-TPA) , which in recent clinical trials has been 
found to be an effective thrombolytic agent in patients 
with acute myocardial infarction, was shown to activate 

25 complement. A striking increase in the level of C4a, C3a, 
and C5a was found in patients receiving r-TPA as compared 
to the level of these complement peptides before adminis- 
tration of the drug (Bennett, W.R. et al. J. Am. Coll. 
Cardiol. 1987, 10(3), 627-632). Schafer and co-workers 

30 were able to positively identify the deposition of termi- 
nal C5b-9 complement complex in myocardial cells located 
within zones of infarction in human tissue (J. Immunol. 
1986, 137(6), 1945-1949). Likewise, the selective accumu- 
lation of the first component of complement and leukocytes 

35 in ischemic canine heart muscle has been found (Rosen, 
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M . et aX. Si**^^ S^^rU increase 

study, the depletion f™<£££^-. in- 
the blood flow in ischemxc canine ^ ^ 
ceased Hoc* * low was found^ » depleted 
5 supply and utilisation of oxygen » P 
ani-l* versus control . COTple nent 

H . R . B-i^^^ 7 ;^^ aault respiratory 
activation is also believ M _ alEO as 

di '"* 8S IcK lung, diffuse alveolar 

, 0 adult respiratory f ailur , cbaracterize d clinical- 

aanage , or traumatic wet lungs xs respira . 

ly by the rapid -^f^raotory to orygen therapy. 

tory ^"^:tier-^ernard H.a., eds., 19,6, 
(Hiescher, P.A. and Holler 
16 T«ct Book of zoopathology, 2d Ed., vols. 

^. Hew York; Sandberg, A.L. , 1981, 

Grune and stratton. New mmatian 

:rr»^~ ~ - - R ^r 198< " " 

T 1 ' 'I™ "soitte oliuical 

— STS-i 'rel^e are listed in *ahle XXI. 
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TABLE III 

CLINICAL IMPLICATIONS OF C5a RELEASE 

Rheumatoid Arthritis 

Acute Gouty Arthritis 

Acute Immunological Arthritis 

Pulmonary Disorders 

Adult Respiratory Distress Syndrome 

Pulmonary Dysfunction - Hemodialysis 

Chronic Progressive Pulmonary Dis-Cystic Fibrosis 

Byssinosis 

Asbestos-Induced Inflammation 
Inflammation of Systemic Lupus Erythematosus 
Inflammation of Glomerulonephritis 
Purtscher's Retinopathy 
Hemorrhagic Pancreatitis 
Renal Cortical Necrosis 
Primary Biliary Cirrhosis Inflammation 
Nephropathology 

Cranial Nerve Damage in Meningitis 
Tumor Cell Metastasis 

Extended Tissue Destruction in Myocardial Infarction 
Extended Tissue Destruction in Burns 



25 2.2. CELL-yqgDIA TPD IMMUNE RESPONSES 

A variety of immune responses independent of the 
complement system are known to be mediated by specifically 
reactive lymphocytes. These responses may give rise to 
autoimmune diseases, hypersensitivity , or simply allergic 

30 reactions. Some examples of these responses include 

delayed-type hypersensitivity, allograft rejection, graft 
versus host disease, drug allergies, or resistance to 
infection. Autoimmune disorders may include atrophic 
gastrititis, thyroiditis, allergic encephalomyelitis, 

35 gastric mucosa, thyrotoxicosis, autoimmune hemolytic 
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anemia, and sympathetic ophthalmia (Eisen. H.H., 
jS^J^, Harper and Kow, Hagerstown, Maryland, pp. 557 



595) . 

2.3. 



fVRGANIC COMPOUNDS WHICH INHIBIT COMPLEMENT, 
SoPATE^NFI^TION^^/OR P OSSESS 

Many chemicals have been reported to diminish comple- 
m ent-mediated activity. Such compounds include: amxno 
acids (Takada, Y. et al. Immunology 1978 34 509), 
.« _ f Becker, L. Biochem. Biophy. Acta 1967, 

10 phosphonate esters (BecKer, 

cit ed therein,, polynucleotides (OeClerc, at^l. 

1 ^ l. JS 10,. 

acids {Glovsky, M.M. et ax. ij • 

por^ines <I*pidus. M. and Tomasco, J. Immunopharmacol 
7Z. 3, 137), several antiinflammatories (Burge. J.J. et . 
al. J. Immunol. 1978, 120, 1625); phenols 

„n • h t 1978 in Molecular Basis of Brolog- 

20 (Buller-Eberhard, H.J. 1978, ia nux 

ical Degradative Processes, Berlin, R.D. et al., eds. 
Academifpress, New Yor*, p. 65); and bensamrdrnes (Vogt 
Tet al xmmunology 1979, 36, 138). Some of these agents 
^ess their activity by general inhibition of proteases 
* a" esterases. Others are not specif i= to «»«^ 
intermediate step in the complement pathway but ^ rather, 
inhibit more than one step of complement * ot " atl ° n : 
£am pl es of the latter compounds include the benzidines, 
whicn block CI, C4 and C5 utilization (vogt, W. et al. 
30 Immunol. 1979, 36, 138). 



2 . 4 . Trrr ^ m ^ run rrrrnMinmiw WP E=2£ 
K -76 is a fungal metabolite from stacnyfrotrya 
, H 1 si K-76. Metabolite K-76 has a drimane 
complementi nov. sp. *. 

3o 
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skeleton combined with a benzene ring attached through a 
spirofuran, and has been determined as 6,7-dif ormyl- 
3 • , 4 1 , 4a 9 , 5 ■ , 6 • , 7 1 , 8 • , 8a • -octahydro-4 , 6 1 , 7 ■ -tr ihydroxy- 
2 ■ , 5 1 , 5 1 , 8a 1 -tetramethyl spiro [ 1 • (2 »H) -naphthalene-2 (3H) - 
5 benzofuran] (Kaise # H. et al. J. Chem. Soc. Chem. Commun. 
1979 , 726). The monocarboxylic acid derivative, K-76 
COOH, is obtained when K-76 is selectively oxidized by 
silver oxide (Corey, E.J. and Das f J. J. Amer. Chem. Soc. 
1982, 104, 5551). 

10 Both K-76 and K-76 COOH have been shown to inhibit 

complement mainly at the C5 step (Hong, K. et al. J. 
Immunol. 1979, 122, 2418; Miyazaki, W. et al. Microbiol. 
Immunol. 1980, 24, 1091). In a classical hemolytic reac- 
tion system, hemolysis of sensitized sheep erythrocytes 

15 by guinea pig serum was reduced 50% by K-76 at 7.45 x 10' 5 
M, or K-76 COONa at 3.41 x 10- 4 M (Hong, K. et al. J. 
Immunol. 1979, 122, 2418; Miyazaki, W. et al. Microbiol. 
Immunol. 1980, 24, 1091). Similar results were observed 
in a hemolytic reaction system via the alternative pathway 

20 of complement activation. 

Both K-76 and K-76 COOH prevented the generation of a 
chemotactic factor from normal human complement (Bumpers, 
H. and Baum, J. J. Lab. Clinc. Med. 1983, 102, 421). K-76 
has been shown to reduce the amount of protein excreted in 

25 urine of rats with nephrotoxic glomerulonephritis (Iida, 
H., et al., Clin. Exp. Immunol. 1987, 67, 130-134), and is 
reported to greatly increase the survival of mice with a 
spontaneous systemic lupus erythematosis-like disease and 
to suppress Forssman shock in guinea pigs and mice 

30 (Miyazaki, W. et al. Microbiol. Immunol. 1980, _24# 1091). 
At high concentrations of K-76 or K-76 COOH, some inhibi- 
tion of the reactions of C2, C3, C6, C7, and C9 with their 
respective preceding intermediaries is exhibited. Howev- 
er, both compounds 1 inhibitory action is mainly the gener- 

35 ation in vitro of EAC1, 4b f 2a,3b,5b (sensitized sheep 
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oocytes carrying the indicated complement ™^ £ > 
SomC 5 and EAC1.4b,2a,3b; the acceleration c£ the decay 
of any EACl,4b,2a,3b.5b preeent; and blocKmg generation 
Z the chemotactic peptides (Hong, K. et a!. J. Immunol. 
S l 98 l, 127. 109, Ramm, et al. Hoi. Immunol. 1983, 20. 

155) 'k-76 COOH is also reported to he an anti-hepatitic 
agent (West German Patent application. Publication No. 
3 Tl 708, published March 12, 1901, by shinohara, M. et 
1; and possesses the ability to inhibit antibody-depen- 
dent cfll-Ldiated cytotoxicity and natural x ller lytic 
activity (Hudig, D. et al. J. Immunol. 1904, 133, 
400-413). K-76 or K-76 COOH has also ~> 0 f^ K 

inhibit the C3b inactivator syste. of complemen t (Hon, 

-. ioan i?7 104-108). semx-synthetxc 
icefc al. J. Immunol. 1981, 127, J-u* ' 

15 et ax. patented as anti-allergy, 

^ fl -ri'vatives of K-76 have been patencea <*» 
^i-tTor and anti-nephritic agents (Belgium Patent Ho. 
8^7 \T. published Hovember 16. 1970, by Shinohara^ M. et 
Tl I ke isolation of K-76, its uses in the treatment of 
M immune diseases, and the preparation « £J~^ 
t ives have been described in a number 54 
Japanese Patent Applxcatxons (KoXax) , fud 
092680 (published OW 23, 1979, , 54 ,06450 publ sned 
August 21, 1979), 57 083281 (published May 25. 1982K by 
25 Shinohara, M. et al. ; Japanese Patent (KoKoKu, Ho. 85 
030289 (published March 20, 1979)). 

A number of additional compounds which contain the 
substructure of a spiroben a ofuran-2(3H,-cy " S 
known. These compounds include griseofulvin (MM. 
30 X 1081. in Principles of Medicinal Chemistry. 2d Ed . . 
Foye, W.O., ed., Lea 6 Febiger. Philadelphia PA P- 
813, isopannarin (dura, P. and Sargent. M.V. 
' ' ' , ' 36 x0 57) , and metabolites of _ P lT 7tionodictYg B 
Chem. 1983, 36, 1057 , Tetran edron 1981, 37, 

„„ a1 n-nhaaum (Sullivan, B. , et al. Tetran 

35 979, . 
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The general synthetic methodology utilized for the 
synthesis of the compounds of the present invention in- 
volves regioselective aromatic lithiation reactions. 
Numerous oxygen-containing heterocycles have been made 
5 using regioselective aromatic lithiation reactions, but 
few preparations of dihydrobenzo[b]furans have been de- 
scribed (Narasimhan, N.S. and Mali, R.S. Synthesis 1983, 
957) . Three reported syntheses of K-76 itself (Corey, 
E.J. and Das, J.J. J. Am. Chem. Soc. 1982, 104, 5551; 

HjMcMurray, J.E. et al. Am. Chem. Soc. 1985, 107, 2712 Mori, 
K. et al. Ann. Chem. 1988, 107-119) utilize metalation 
techniques in the coupling of the terpenoid portion to the 
aromatic moiety, but neither provide sufficient flexibili- 
ty to allow for analog preparations via subsequent elabo- 

15 ration of the aromatic ring. 

3. SUMMARY OF THE INVENTION 
The present invention is directed to compounds which 
suppress immune responses and/ or selectively inhibit 

20 complement. In a specific embodiment, such compounds 
interrupt the proteolytic processing of C5 to bioactive 
components, blocking the release of C5a. The compounds of 
the present invention also exhibit immunosuppressive 
activities, such as for example, the ability to inhibit 

25 natural killer activity, lymphocyte proliferations, and T 
cell activation. The compounds of the present invention 
have therapeutic utility in the amelioration of disease 
and disorders mediated by complement and /or immune activi- 
ty. In specific embodiments, they may be used for the 

3° treatment of autoimmune disease or the many diseases 
associated with the "inappropriate" activation of the 
complement system. In specific embodiments, a compound of 
the invention has greater activity than the natural prod- 
uct K76. 
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The invention further provides improved synthetic 
routes for the preparation of the compounds. 

in one embodiment of the present invention, compounds 
are provided which have selectivity in inhibition of C5a 
^release. In particular, such compounds can have utxlxty 
in limiting the extent of trauma-induced tissue destruc- 
tion, in the prevention and/or treatment of adult respxra- 
tory distress syndrome and damage induced by ischemic 

heart conditions. 

in other specific embodiments, compounds of the 
invention which exhibit immunosuppressive activity can be 
used in the prevention and/or treatment of autoimmune 
disease or the rejection of transplanted organs and/or 

tissues. # , ^ . 

15 A further embodiment of this invention xncludes the 

combined therapy that can be obtained by treating patients 
with disorders that are routinely treated with thrombolyt- 
ic agents such as tissue plasminogen activator , streptokx- . 
nase or urokinase (e^ myocardial infarction patients) 

20 with a combination of the compounds of this -inventxon and 
the routinely administered thrombolytic compounds. 

The present invention is also directed to pharmaceu- 
tical compositions comprising such compounds or the salts 
-thereof. 

25 

3.1 mePTTTPriONS 
As used herein, the following abbreviations and terms 
shall have the meanings indicated: 

n-BuLi = n-butyllithium 

30 t-BuLi = £ert-butyllithium 

t-BuSLi - lithium tert-butylthiolate 

c — complement 

CHO = Chinese hamster ovary 

cpM = counts per minute 

35 Et2 o = diethyl ether 
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10 



15 



20 



25 



HMPA 
IgG 
5 PrOH 
IR 

K-76 COOH 
K-76 COONa 



LAH 

MOM 

NK 

NMR 

PBL 

PCC 
PHA 
PMN 
RLi 
THF 
TLC 
TMEDA 

TMS 

TriMEDA 



hexamethylphosphoric triamide 
immunoglobulin G 
isopropanol 
infrared 

the monocar boxy lie acid 
derivative of K-76 
the sodium salt of the 
monocarboxylic acid 
derivative of K-76 
lithium aluminum hydride 
methoxymethyl group 
natural killer 
nuclear magnetic resonance 
peripheral blood 
lymphocyte (s) 

pyridinium chlorochromate 

phytohemagglutinin 

polymorphonuclear cells 

alkyllithium 

tetrahydrofuran 

thin layer chromatography 

N,N,N f ,N' -tetramethy 1- 

ethylenediamine 

tetramethylsilane 

NjNjN 1 trimethylethylenediamine 



The term "bioisosteric" group , as used in the present 
invention , describes an alternative chemical group whose 
30 electronic configuration is substantially analogous with 
the group to be replaced such that the polarity and charge 
of the whole molecule do not change. However, variations 
in the size, number of atoms or electron structure of the 
bioisosteric group (or "bioisostere" ) are permitted which 

35 

variations may affect its function. Bioisosteres may be 
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^. - releasing a proton and, subse- 
acidic ,'~* U J*£Z£ i , Lie (e.g.. capable 

^ly, ^^"I^L^y, bearing a positive 
of being protona«d and, qu capable of func- 

charge) or neutral (e.g.. no*, n 
5t ioning as an acidic ^ ^ «al- 

^" r^, ethyl, and n-propyl. 

W1 " ^ T isobutyl, ssc-butyl. or isri-butyl 

isopropyl, n-butyl. isobu y ^ ^ derived 

^° UPS - ^Ta^group and hydroxyl radical. Simi- 
10 £ro» couplxng ■"^f^ to methoxy , etho*y. B-pro- 
iarly, the term "alKosy ref r 

pyloxy, isopropylo*y, «° ^ tuted aeriv atives 
S3' -Term ES-TLTS the numerical range 
, 5 ^Tto'. "rbon atoms and includes linear or branched 

""ess other-ise stated or indicated, the termjhalo- 
gen „ Z used herein includes fluorine, chlorine, bromxne. . 
and iodine. ' inaicate(1 , a given struc- 

20 t ^a^Tn^enclature for the substituted dihy- 
ture, formula, or . . „ -hall subsume all 

- ,„ a innc of this invention snaix suwsvuu 
drobenzofuran analogs oi ^ 

—tST^S" stated or indicated. * re-en" 

^ — - — ^ alKaline-earth 
metal salts obtained therefrom. 



30 4- 



FIGURE i illustrates the infrared spectrum of com- 
pound^ The spectrum is presented for the compound 

palletized in ^"^^Vibition of complement 
FIGURE 2 demonstrates the xnnr 
3= peptide C5a or C3a production by compound 11a. 
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bition (as described in Section 6.6, infra ) of C5a and C3a 
production is shown as a function of compound 11a concen- 
tration. 

FIGURE 3 demonstrates the inhibition of complement- 
5 mediated hemolysis by compound 11a. Inhibition of comple- 
ment-mediated hemolysis, assayed as described in Section 
6.6.2 infra . is shown as a function of compound lla con- 
centration. 

FIGURE 4 demonstrates the inhibition of proliferation 
10 of peripheral blood lymphocytes (PBL) by compound lla. 
^-Thymidine incorporation by PHA-stimulated PBL is shown 
as a function of compound lla concentration. 

FIGURE 5 demonstrates the inhibition of proliferation 
of PBL by compound lla. ^-Thymidine incorporation by 
15 antiCD3 antibody-stimulated PBL is shown as a function of 
compound lla concentration. 

FIGURE 6 demonstrates the inhibition of interleukin-2 
receptor (IL-2R) release from PBL by compound lla. The 
level of IL-2R in the supernatant of PBL cultures stimu- 
20 lated with anti-CD3 antibody, in the presence of compound 
lla, was measured by use of an enzyme-linked immunosorbent 
assay, and is shown as a function of compound lla concen- 
tration. 

FIGURE 7 shows the inhibition of CDS protein release 
25 from PBL by compound lla. The level of CD8 in the super- 
natant of PBL cultures stimulated with anti-CD8 antibody, 
in the presence of compound lla, was measured by use of an 
enzyme-linked immunosorbent assay, and is shown as a 
function of compound lla concentration. 
30 FIGURE 8 demonstrates the inhibition of complement- 

mediated hemolysis by the disubstituted spirobenzofuran 
compounds 62, 66, and 68. Inhibition is shown as a func- 
tion of compound concentration . 
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5 B Eiamm BBSSBiBtiaM se thu TwvgM iaa 

The present invention relates to compounds 
inhibit complement and/or possess immunosuppressive actiV- 
^ The compounds of the invention contain an aromatxc 
.ring and are substituted dihydrobenzof urans , 
5 ^obensonfuran- 2 (3H)-c y colaXanes, and their open chaxn 
intermediates. In particular, such compounds can be 
partial analogs of the fungal metabolite K-76. 

The complement inhibitors of the invention inhibit C5 
,„ activation, that is, the proteolytic generation of 
'"bioactive complement fragments C5a and C5b from c 5 . Such 
compounds have value in the treatment or prevention of 
diseases or disorders associated with undesirable or 
inappropriate activation of the complement system. In 
15 ^ecific embodiments, the compounds of "e^ion can 
be used in the treatment of inflammatory disorders They 
..ay also be used for the treatment of cardiovascular 

diSea The present invention also relates to compounds mhich 
20 possess immunosuppressive activity. In particular s^ch 
Lmpounds inhibit immune responses. In specif ic embodi 
meats, the compounds of the invention can inhibit the 
Wiling activity of mononuclear cells, lymphocyte prolif 
eration and/or activation. The immunosuppressive com- 
2S pounds of the invention can be valuable in the treatment 
of various immune disorders. 

j^rthermore, the compounds of the invention may 
possess one or more of the K-76-li*e activities descried 
Lora in Section 2.4 and in the references cited therein. 
30 The compounds of the present invention, and the 

intermediates and methods used in their preparation, are 
described in detail below. 
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5.1. COMPOUNDS WHICH INHIBIT COMPLEMENT 
AND /OR SUPPRESS IMMUNE ACTIVITY 

The present invention relates to organic compounds 
which inhibit complement and/ or suppress immune activity. 
The organic compounds of the invention comprise substi- 
tuted dihydrobenzof urans of the general formula 3 and 
substituted spirobenzofuran-2 (3H) -cycloalkanes of the 
general formula 4. The groups represented by R and Ri^ 
include , among others, hydrogen and linear or branched 
lower alkyl groups having 1 to 4 carbon atoms as defined 
previously in Section 3.1, supra . In addition, R1-R4 may 
each 



15 




10 

3 

20 4 

independently represent halogen, amino, amidic, hydroxy 1, 
hydroxyalkyl, alkyloxy, nitro, formyl, acetal, carboxylic 
acid, tr if luoroacetyl , N-substituted lower alkyl 

25 carbamoyl, substituted vinyl having up to 10 carbon atoms, 
an alkylidene group having up to 20 carbon atoms, an 
aliphatic acyl, a substituted aliphatic acyl, an aromatic 
acyl, a substituted aromatic acyl, a sulfamoyl, an 
aminomethyl, N-(l° wer alkyl) aminomethyl, a N, N-di( lower 

30 alkyl) aminomethyl, a heterocyclic ring bearing at least 
one heteroatom selected from nitrogen, oxygen or sulfur 
(e.g., a tetrazole or oxazoline group), an N- 
acylcarbamoyl, an amidino or a hydrazide. Moreover, R t , R 
and the carbon atoms to which they are attached may to- 

35 gether form a five-or six-membered ring (e.g., a cyclic 
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anhydride, such as a phthalic anyhydride derivative; a 
lactone; or a hydroxy-substituted lactone) . 

Other groups which may be represented independently 
by R 3 and R< include hydrocarbons of 4 to 24 carbon atoms 
5 which may be of medium- length, long-chain, linear, 
branched, cyclic, saturated, unsaturated, unsubstituted, 
or heteroatom substituted. Moreover R 3 , R*, and the carbon 
atom to which they are attached may form a cyclic hydro- 
carbon group of 5-24 carbon atoms which may include a 

10 five-, six-, or seven-membered saturated or unsaturated 
ring comprised exclusively of carbon and hydrogen, or in 
combination with a heteroatom. The ring may be unsub- 
stituted or may contain extra-cyclic heteroatom or hydro- 
carbon substituents . 

15 This invention also relates to synthetic open chain 

intermediate compounds of the general formula 5 wherein R, 
r„ and R* are defined as above for formulae 3 and 4. In 
addition, Rs represents hydrogen, lower alkyl groups, or 
suitable hydroxyl protecting groups such as methoxymethyl, 

20 tetrahydropyranyl, 2-methoxypropyl, 2-methoxyethoxymethyl, 
triarylmethyl, benzyl, methylthiomethyl, or £ert-butyl- 
dimethylsilyl group. The R« group encompasses chemical 
groups represented by B.-R, as defined above for formulae 3 
and 4 as well as substituent cyclohexenylmethyl (Sa) , 

25 limonenyl (5b) , and carvone-derived diol acetonide (5c) 
groups. Other compounds may also be derived from 
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intermediates 5 and 5a-c, which are, in turn, converted to 
products of general formulae 3 or 4 as discussed in the 
following sections. Table V lists representative com- 
pounds which comprise the general formula 4 of the present 
5 invention; this list is not intended to be comprehensive. 

TABLE V 



compl: 



10 



15 




T INHIBITORS OF THE PRESENT INVENTION* 

R - -H, -CH 3 , a) _ ±) from 

scheme 4 

R l ° r R 2 " ~ H ' ~ CH0 ' -COOH, 
-CH 2 OH f -C0NHCH 3# 
-CON^Bu, -COCF 3 , 



-X (where X 
-CH=CHCOOH 



halogen) , 



20 



■ substituents on the spirocyclohexane ring may also be 
present; e.g., 10-isopropenyl. 



25 



30 



The substituted dihydrobenzofuran and spiro- 
benzofuran-2 (3H) -cyclohexane compounds of the present 
invention of the general formulae 3, 4, the synthetic 
intermediates of the general formula 5, and the salts 
thereof exhibit complement inhibition, as manifested by 
inhibition of complement-mediated C5a production and/ or 
inhibition of complement-mediated hemolysis. The comple- 
ment-inhibitory properties of the compounds of the inven- 
tion can be evaluated by modification of known techniques, 
e.g. , the assay described in Section 6.6.1, infra . 
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* =f the compounds of the present invention 
Treatment of the =o»P pharBac eutically 

with appropriate ^ J'^Zen a carboxylic acid croup is 
acceptable salts thereof. _ pharM ceuti- 

pres ent in ^ be prepa red by treatment 

•^/SSST-^U,** group under appropriate condr- 



tions. 

g 2 ^r^vvn^rc PPQCESSES 



5.2. _ y w xn J- ■ ■ — 

« are provided which comprise chemical steps 

10 Pr ° Ce T eS ^ of Z compounds of the invention. 

f or the synthesis of ttxe^ * m diagranm ed in 

Such processes of the xnven 

i fq« infra Section 5.2.2). *««= 
detail in Scheme 1 (see «^ s a sho rter and 

tfcetic scheme L the syntheses of 

15 more flexible route ^ ^ 104 , 5551; 

K - 76 <corey and °« - ^ 1985 , 107 , ,712). -tro- 

HcHurray et al. J. *>• compounds produced . 

can be « """ 9 ^ dlfferent strategies can then 

8ttb seo.ent a^latxon. T»o ^ ^ ^ o£ 

be employed for the proa snowed by aromatic 

the invention: initial cyclxzatxon followed y 
25 functionalization or vice versa. 



5.2.1. PREPARATION OF COMPOT3NDS OF 



^rirep&T. FORMTTTA 5 

• <- ^ortiates of the general formula 5 of the 

The aliphatic "* sultable aUcy l.ting 

,eneral ^romomethylcyclohexene, «a. can be 

3S ZT: S rs^'material for the preparation df 
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compound 5a. Compound 6a can in turn be prepared from, 
cyclohexanone or directly from alkyl cyclohexene- 
carboxylate, according to a known precess (Wheeler, O.H. 
and Lerner, I. J. Am. Chem. Soc. 1956, 78, 63; Adams, R. 
5 and Thai, A.F. Org. Synth. 1932, 1, 270; Lythgoe, B. et 
al. J. Chem. Soc. 1956, 406). In a particular example, 
cyclohexanone is converted to its cyanohydrin, then dehy- 
drated to the cyanoalkene, followed by alcoho lysis to an 
alkyl cycloalkenecarboxylate. Lithium aluminum hydride 

10 reduction of the ester followed by halogenation with 
phosphorus trihalide provides compound 6a. 

Limonenyl chloride, 6b, is obtained readily from 
limonenyl alcohol by the action of triphenylphosphine in 
excess halogenated solvent. This conversion provides 

15 optically active allylic halide from optically active 
limonenyl alcohol. A procedure analogous to that devel- 
oped by Crawford and co-workers (J. Am. Chem. Soc. 1972, 
94, 4298) is used to prepare optically active alcohol by 
the sequential lithiation of commercially available homo- 

20 chiral limonene, oxygenation, and reduction of the resul- 
tant hydroperoxide with aqueous sodium sulfite. 

A third halointermediate, 6c, is derived from a 
multistep sequence starting from optically active R-(-)- 
or S-(+)-carvone. The steps of the synthesis involve 

25 reduction of the a, 0 -unsaturated ketone to the allylic 
alcohol, epoxidation, reduction to the diol, acetonide 
formation, and treatment of the unsaturated acetonide with 
calcium hypochlorite to yield the allylic chloride. The 
coupling reaction is generally carried out immediately 

30 after purification of these unstable allylic halides. 
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• a 



6b 



• c 




10 



The aromatic segment of the compounds of the general 
formula 5 is obtained from substituted alkoxyphenols or 
resorcinols. For example, 3-methoxymethoxyanisole, 7, xs 

15 obtained from the reaction of 3-methoxyphenol with chloro- 
methyl methyl ether in a stirred suspension of anhydrous 
potassium carbonate in acetonitrile (Rail, G.J. H. et al. 
Tet. Lett. 1976, 1033). Anhydrous conditions and the 
proper ratio of substrate to solvent are critical to the 

20 success of this reaction. For reactions employing quanti- 
ties of reagents above 5 grams, a useful alternative 
procedure uses the preformed sodium aryloxide, 
chloromethyl methyl ether, and dimethylf ormade as solvent 
(See, Rail, G.J.H. et al. supra ) . 



25 



XX 



CHjO OMOM 



30 



The group R of formulae 5 and 5a-c should be stable 
35 to cleavage under the conditions used to hydrolyze or 
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remove the protecting group Rj and the subsequent cycliza- 
tion of the resulting free phenol according to steps 3 or 
4 of Scheme 1. In addition, R5 is preferably a potentially 
chelating group which can promote the regioselective 
5 ortho -metalation required to introduce substituents R2 and 
of formula 5. Compound 7 embodies the preferred pro- 
tecting groups for resorcinol (R = methyl and R5 = methoxy- 
methyl) . The methoxymethyl or MOM ethers can be easily 
removed in the presence of methyl ethers (Narasimhan, N.S. 

10 et al. Synthesis 1979 , 906), and the ortho directing power 
of the MOM group has been shown to be greater than that of 
a methyl ether (Ronald R.C. Tet. Lett. 1975, 3973). 

In an alternative embodiment, the commercially avail- 
able compound 3 , 5-dimethoxybenzyl alcohol, 8, can be used 

15 as the aromatic segment for coupling to the allylic halide 
(See Scheme 2, infra) . 



20 




8 



25 



The efficacy of the coupling reaction between the 
metalated aromatic segment and the aliphatic group is 

30 greatly influenced by a number of factors including the 
degree of aggregation of the metalating species , typically 
an alkyllithium reagent (Gschwend, H.W. and Rodriguez, 
H.R. Org. React. 1979 , 26, 1). The choice of solvent and 
any additives such as N, N, N 1 , N 1 -tetramethylethy lene- 

35 diamine (TMEDA) or hexamethylphosphoric triamide (HMPA) , 
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SoXV 1 ' . hl „„ et ries for coupling the respective 
reagent storchrometries for p BO ivents include 

suhstrates should he tetra hydrofuran 

^r^rirXor: ^e, - ~ 

f erred solvent for ioalk0 xymetiiyl (kinetic condi- 

in g group like OMOM and lithioalKoxyme y 

, particular embodiment, 

a. tor example. In one ^ or hexane/TMEDA 

3 - b ut y llithrun (B-BULX, » «^ , with allvli o 

fallows for the ^ aXlows coupling of «. 

hromide «; "f^^Lired 4-position (there- 

with arpmatic segment 8 «t the carried . 

when the couplxng between oa «x« 
TThexale lithiation and coupling occurs in the 

^trr;. <- rr^ s :r: rr:^ent 
„ ^rz^nn: rr, is «- added - 

such as dry THF ana ^ tne amount of 

is preferahly approbate y e^lar^^^ 

alXyllithium used. In a P" re " approximately 
25 of al3cyllithium <*Li> ^^f^ impound of the type 

"^TTJZZEZ « --lent, per eguiva- 
such as 7 ana is app additional 
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borate, and the cuprous halides. The use of cuprous 
iodide is preferred. 

Careful control of temperature is important for the 
success of the aromatic alkylation. While the lithiation 
5 is carried out at zero degree to ambient temperature, the 
subsequent reactions are carried out at low temperature. 
In a preferred example, the aryllithium reagent is cooled 
to -78°C followed by the addition of copper (I) salt. The 
resulting mixture is subsequently stirred at -40 °C, a 

10 temperature at which the corresponding arylcuprate species 
can form and is relatively stable. The copper reagent is 
then recooled to -78 °C prior to the addition of the elec- 
trophile. Carrying out the the addition at higher temper- 
attires can diminish the yields of coupled products such as 

15 5. It is important that all manipulations discussed supra 
be performed in the absence of oxygen and moisture, and 
are preferably carried out under an inert atmosphere such 
as dry nitrogen or argon. 

The product mixture which is obtained from the cou- 

20 pling reaction can then be worked up by washing several 
times with a moderately basic aqueous solution, e.g. . 
saturated aqueous sodium bicarbonate (NaHC0 3 ) . The organic 
phase can be dried by shaking with a drying agent such as 
magnesium sulfate, filtered from any solids, and concen- 

25 trated under a mild vaccum to provide the crude product. 
Further purif ication may then be effected by procedures 
typically employed in the art ( e.g. . fractional distilla- 
tion , fractional crystallization, or chromatographic 
separation) . 

30 

5.2.2. PREPARATION OF COMPOUNDS OF THE 
GENERAL FORMULAE (3 AND 4) 

Substituted dihydrobenzofuran derivatives of the 

general formula 3 with substituents OR and Rj— R4 as defined 

35 supra in Section 5.1 can be obtained by the metalation and 
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subsequent alKylation of coupled intermediates such a. 
those described in the preceding section, followed by 
hydrolysis of the protecting groups and cyclizaiton o 
ene-phenol. This synthetic pathway is illustrated in 
Scheme 1, infra. 
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Scheme 1 




(4. R. R, - H, Rj-COOH) 

(•j'fcuUTW/TWEDA: <b)Cul; (e) R«X; (tf) "BuU Haxww/TMEDA; 
WE* <R*); (OH*. ipiOH; (S) AmterV* r»h; 
(h)'BuSU »*>A 
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15 




COOEt 




COOH 



20c 



23. C3.RRv-H.nj.COOH.R3.CKj. 



20 



«*UTOWWH»: M 0* H— /WEB* 

(.)r (R** (OH*. fc>Ai****«-*U 
(hy'BuSU. 0)«» «*KOH 
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In a preferred embodiment , the protected resorcinol 
is lithiated and alkylated in step 1 of Scheme 1 using the 
ally lie bromide 6a as the electrophile. The resulting 
coupled product 9a can then be dissolved in dry hexane and 
5 treated dropwise with alkyllithium in the presence of 
TMEDA (step 2) at 0°C. Cooling the reaction mixture to 
-78 °C and addition of the desired electrophile introduces 
the 1*2 substituent at this stage. 

Generally, the MOM protecting group of intermediates 

10 such as 9, with or without the R 2 substituent, may be 
hydrolyzed by stirring the compound in 5% hydrochloric 
acid (HC1) /ether mixtures overnight. Deprotection to the 
free phenol may also be effected by a solvent mixture 
comprised of 4 N HCl/^rOH, especially for carboxaldehyde 

15 containing derivatives, which need to be stirred for 
several days. The cyclization step can be achieved most 
conveniently by stirring the substrate in the presence of 
Amberlyst resin in a non-polar solvent followed by filtra- 
tion. In this particular process , the resin is washed 

20 with fresh solvent, and the filtrates are combined and 
concentrated to give the desired crude cyclized product in 
good yield. In the particular case where R 2 = -COOH in 
intermediate 10a (Scheme 1, step 2, E + = C0 2 ) , the cycliza- 
tion of the phenol (steps 3 and 4) can be achieved by 

25 stirring with Amberlyst resin in benzene for 24-72 hours 
at room temperature. Some difficulty is encountered in 
the cyclization of intermediates with hydroxymethyl 
substituents (e.g., R 2 - -CH 2 OH) . A different route is 
preferred for synthesis of cyclized products with this 

30 substituent (see below). 

As discussed supra, a variety of R 2 substituents may 
be introduced before the cyclization step. For example, 
addition of the following electrophiles to the aryllithium 
species produces the indicated functional group (these 
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examples serve only to illustrate a possible technique and 
are not meant to be limiting) : carbon dioxide (carboxyl) , 
ethyl chloroformate or diethyl carbonate (carbethoxy) ;. 
dimethylformide (formyl) ; methylisocyanate (N-methyl- 
carbamoyl); t^rt-butylisocyanate (N-text-butylcarbamoyl) , 
paraformaldehyde (hydroxymethyl) ; trif luoroacetxc anhy- 
dride (trif luoroacetyl) ; bromine (bromide) ; chlorine 
(chloride) ; iodine (iodide) ; substituted vinyl ^ dides 
(substituted vinyl group) . Other compounds may, m turn, 
10 be obtained by modification of these functional groups by 

known methods . 

The cyclized methyl ether derivatives of the type, 
11, can be converted to the free phenols, 14 (Scheme 1, 
step 5) , by known methods. These procedures include but 
15 are not limited to treatment of the methyl ether with 
boron trihalides (McOmie, J.F.W. and West, D.E. Org. 
Synth. 1973, 5, 412; Grieco, P.A. et al. J. org. Chem. 
1975, 40 1450) , boron trifluoride in the presence of 
thiols (Fujita, E. et al. Ibid. 1979, 44, 1661; *ujita, 
20 J. Chem. Soc. Perkin Trans. 1 1976, 44, 4444)-, and lithium 
tert-butylthiolate salts (fe-BuSLi) in hexamethylphosphoric 
^lamide (McMurry, J.E. and Erion, M.D. J. Am- Chem. Soc. 
1985, 107, 2712). The use of t-BuSLi is preferred. 

Open-chain coupled products such as 9b or 9c (See 
25 scheme 1) give rise to compounds such as 21 or 25, respec- 
tively. The latter intermediates, wherein the olefinic 
bond involved in the cyclization is exocyclic, or other 
derivatives containing simple unsaturated aliphatic 
groups, produce dihydrobenzofuran derivatives disubsti- 
30 tuted at the 2-position upon deprotection and treatment 
with Amberlyst ion-exchange resin (See e.g., 20). 
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20c Rj-COO£l 

Slightly more complex analogs containing a diol 
group , such as 24 or 27, infra , can be obtained in this 
15 manner. 

The use of 3 , 5-dimethoxybenzyl alcohol, 8, as the 
starting aromatic component has the advantage of having 
the Rj substituent already in place* Compound 8 is dis- 
solved in THF and is treated at 0°C with 2.0 equivalents 

20 of n-butyl lithium in the presence of TMEDA (2.0 equiv) . 
The benzyl alcohol is lithiated predominantly at the 
4 -position after about 2 hours. Formation of the arylcup- 
rate at -40 °C and addition of the alkylating agent com- 
pletes the synthesis of 13 (Scheme 2, step 1) with a small 

25 amount of the isomer 13 • also being formed. Fractional 
crystallizaiton of the product mixture provides pure 13. 

As previously alluded to, cyclization of interme- 
diates with hydroxymethyl substituents can be problematic. 
In one embodiment, a remedy to this problem involves 

30 converting the benzyl alcohol 13c to the f ormyl compound 
13b (See Scheme 2, step 2). This procedure can be accom- 
plished by a Swern oxidation or, more preferrably, by 
using pyridinium chlorochromate in "buffered" methylene 
chloride. One of the symmetrical methyl ethers is then 

35 selectively cleaved (step 3) and cyclized in the normal 
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fashion to yield the 6-substituted formyl analog 30b. 
oxidation of the formyl group to the carboxylic add 
° 30. or 31.) oan he effeoted hy a number of reagents 

elrni; hefore or after the cyclization of step 4. Suxt- 
s ahle inorganic oxidizing agents include hut are not re- 
stricted to permanganate salts, .anganese oxrde, chronic 
sold! chromaL salts, silver oxide, silver nitrate, nrckel 
p^oxide, and ceriu* salts such as ceriun sulfate, cerxu. 
Lide and ceriun perforate. Silver oxide is preferred. 
,„The benzyl alcohol, 30o (4, R = CH,, R, - C^OH, and R, - 
'° h), is obtained by reduction of 30b using, for example, 
such reducing agents as lithius aluninua hydride ,or 
diborane, preferably in an appropriate solvent such as 
ether , s^. ™F- dioxane, or diethyl ether. 
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Scheme 2 




30b 31» 



25 

(^"Buli. THF/TMEDA; (b)Cul: (c)FVC: (d)PCC. NaOAe. CHjClj: 
(•j'BoSU HMPA; p)An**rty»trwin; (s)A«A ■q.SStNiOH 
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_ more comple* r; r- — ' 

ae scribed above. W J ^ ^ ^ dlhydrobe nzo- 

methyl ether groups * one of rfce boron or 

5f uran sfceleton can be cleave y ^ ^ ^ tte 

thiolate reagents mentioned SUBES- 

Umonene series, it nay ~ ^f^tTcarboxylic acid 
de methylation of the methyl ether ~* ~ .star (See. 

^oup at the 7-position J^L rin g may he 

M .. g ..«— 1). TdSo'sed previously. The 

m etalated and functional «ed as ^ by traMi . 

d ouble bond of ^^^rarpotassiun permanganate 
ti cn metal »^ r- g ents such P^ ^ 

or osminm tetroxlde. The oo example, would 

- — - ^ ^'^ound La may he 
giV e compound toteOTediat . 2 ,o to the free 

obtained by demethylation or 
psenol. in those instances, as ,n here. 
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COOH 




27b Rj-CHO 
27c Rj-COOSt 



24a 
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35 



„ <-o protect the carboxylic acid group at 
ester is -ployed top^* hydrolysis ste p may be neces- 
«*• 7-position an a^aXxne hy ^ ^ 
sary to obtaxn the free cart xy h do not 

i) . Other modifications can be envision 
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depart significantly from the scope and essence of the 
products of the present invention. Transformations such 
as epoxidation of the double bond, hydroxy lation at the 
ally lie position of the double bond, oxidate cleavage of 
5 the double bond, hydrof ormy lations , and modifications of 
the products obtained therefrom are but a few non-limiting 
examples • 

5.2.3* PREPARATION OF COMPOUNDS OF GENERAL FORMULA 
6 -CARBOXYIi-4 -SUBSTITUTED SPIRO [ BENZOFURAN 
10 -2 f 3H1 -CYCLOHEXANES1 

6-carboxyl spiro[benzofuran-2 (3H) -cyclohexane] mole- 
cules that are also substituted at the 4 position to form 
a series of ether substituted derivatives can be prepared 
as shown in Schemes 3 and 4 below and as more fully de- 
15 scribed in Section 7 infra . 
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Scheme 3 




44b R-C3,CH 3 
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Scheme 4 
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CH,CH 



MCM0^ 5 ^^CMCM 
46 
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CVUCH 
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These compounds and the salts thereof exhibit complement 
inhibition as manifested by inhibition of complement 
mediated hemolysis. Other complement-inhibitory proper- 
ties of these compounds can be evaluated by known tech- 
niques as described in Sections 6.6.1 and 10.2 to 10.4 and 
by numerous complement assay techniques that are known in 
the art. Substituents for R in position 4 of compounds of - 
the general formula 4 include a hydrogen atom or a lower 
alkyl group ( e.g. CH 3 -, CH 3 CH 2 -, n-Bu-) , a functionalized 

!0 lower alkyl group ( e.g. HOCH 2 CH 2 -) , a benzyl or substitut- 
ed benzyl group, a phenyl or substituted phenyl group 
(e.q> CgHsCHj-, C^-, p-NOjC^-, p-CHOC^-, p-NOjC^-, and 
p-NHjC^-) . In addition the OR at position 4 of compounds 
of the general formula 4 can instead be Preferred 

15 substitutions at position 4 are exemplified by compounds 
44b, 55c and 55e, which are more effective in inhibiting 
complement mediated hemolysis than is K76COOH. 

5.2*4. PREPARATION OF COMPOUNDS OF GENERAL FORMULA 
20 ' 6 / 7 -DISUBSTITUTED -4-METHOXYSPIRO 

f BENZOFURAN-2 (3H) — CYCLOHEXANES ] 

6 , 7-disubstituted spiro [ benzof uran-2 ( 3H) -cyclohexane] 

molecules can be prepared as shown in Schemes 5 and 6 

below and as more fully described in Section 8 infra . 

25 
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complement mediated hemolysis. Other complement-inhibito- 
ry properties of these compounds can be evaluated by known 
techniques as described in Sections 6.6.1 and 10.2 to 10.4 
and by numerous complement assay techniques that are known 
5 in the art. 

The R, and groups can be any combination of the 
following: a hydrogen atom, a car boxy lie acid group, a 
formyl group, a hydroxymethyl group, an N-( lower alkyl) 
carbamoyl group, a trif luoroacetyl group, a carbalkoxy 

10 group, a halide group, a vinyl group, a substituted vinyl 
group having up to 10 carbon atoms, an alkylidene group 
having up to 20 carbons, an aliphatic acyl group, a sub- 
stituted aliphatic acyl group, an aromatic group, a sub- 
stituted aromatic acyl group, a trif luoroacetyl group, a 

15 sulfamoyl group, an N-acylcarbamoyl group, a tetrazole 
group, a tertiary aliphatic amine group, an oxazoline 
group, an amidine group, or a hydrazone group. 

Specific substitutions for Rl and R2 groups include 
-CHO, -CH 2 OH, -C00H, COCF 3 , S0 2 NH 2 and tetrazole, oxazo- 

20 line, imide or CHjNMej derivatives. Substi tut ions at posi- 
tions 6 and 7 can be cyclic compounds as exemplified by 
compounds 62 and 68. The presence of polar groups in the 
6 and 7 positions appears to affect complement inhibition 
activity, perhaps because such polar groups interact with 

25 regions of the complement receptors. 

Specific compounds include compounds of general 
formula 4 in which R can vary generally as described 
above; Ri is a carboxyl group or a bioisosteric acid group 
(such as sulfonamide, imide, or tetrazole) or a bioisos- 

30 teric basic group (such as a tertiary aliphatic amine, 
oxazoline, amidine, or hydrazone), or a bioisosteric 
neutral group (such as trif luoroacetyl) ; Rj is a formyl 
group or a bioisosteric group such as methyl ketone (ace- 
tyl) , other alkyl ketone, aryl ketone or other similar 
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R preferred organic compound of the compositions of 
— compound 

inhibitory compounds can be produced by 
..optimal subsitutions *t the ™ ^iment, a 
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5.4- IMMUNOSUPP RESSIVE ACTIVITY 

The compounds of the present invention can inhibit 
immune activity. In particular , the compounds of the 
invention inhibit cell-mediated immune function. For 
5 example, the compounds can suppress natural killer activi- 
ty, inhibit the proliferation of peripheral blood lympho- 
cytes, and/or inhibit the activation of T lymphocytes in 
PBL culture. 

Any procedure known in the art may be employed to 
10 demonstrate immunosuppressive activity. Such procedures 
include but are not limited to in vitro assays for inhibi- 
tion of natural killer lysis of target cells, inhibition 
of proliferation of peripheral blood lymphocytes or inhi- 
bition of cell surface inter leukin-2 receptor expression. 
15 Specific embodiments of assay procedures which can be used 
sure detailed in the examples sections infra (See Subsec- 
tions 6.7.1 through 6.7.4). 

5.5. THERAPEUTIC USES OF THE COMPOUNDS 
20 OF THE INVENTION 

The compounds of the invention which exhibit com- 
plement and/ or immune activity inhibition have therapeutic 
value in the prevention or treatment of various immune or 
inflammatory diseases or disorders. The compounds of the 

25 invention may be administered to a patient for treatment 
of an immune disorder involving undesirable or inappropri- 
ate complement activity. In particular, an effective dose 
of an inhibitive compound of the invention may be thera- 
peutically applied to ameliorate or to prevent a detrimen- 

30 tal effect caused by the activity of a component of the 
complement sys.tem ( e.g. , C5a) or an inappropriately reac- 
tive immune system. An effective dose of the compound of 
the invention for the treatment of a disorder involving 
undesirable or inappropriate complement activity or an 

35 immune disorder can be determined by standard means known 
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in the art taking into account routine safety studies, 
toxicity studies, dose concentration studies and method of 
delivery, e.g., bolus, continuous or repeated. In a 
particular embodiment, a dose of about 0.01 to about 500 
5 mg/kg can be administered. 

The diseases or disorders which may be treated by the 
compounds of the invention include but sure not limited to 
those listed in Table III, supra . In particular, those 
disorders associated with extended zones of tissue de- 
10 struction due to burn- or myocardial infarct- induced 
trauma, and adult respiratory distress syndrome (ARDS) , 
also known as shock lung, can be treated by administration 
of an effective amount of the compounds. 

Detrimental nonspecific activation of the complement 
15 system, or unfavorable activation by the alternative 

pathway, can also be prevented or treated by compounds of 
the invention. In specific embodiments, such compounds 
can ameliorate the acute pathological changes induced by 
specific or non-specific proteolytic processing of C5. 
20 The compounds of the invention may also be used to 

modulate biologic or immune functions directly or indi- 
rectly mediated by the complement system, which can in- 
clude but core not limited to those functions listed in 
Tables I and II, supra , and the in vivo correlates of the 
25 in vitro functions therein. 

In particular embodiments, the inhibitive compounds 
can be used to treat inflammation associated with, for 
example, kidney stones, systemic lupus erythematosis 
(SLE) , nephrotoxic glomeronephritis , or multiple sclerosis 
30 (See, e.g-, Experimental Allergic Encephalomyelitis. A 
Useful Model for Multiple Sclerosis, A Satellite Confer- 
ence of the International Society of Neurochemists , July 
16-19, 1983, University of Washington, Seattle, Washing- 
ton; Miyazaki, W. et al. Microbiol. Immunol. 1980, 24, 
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1091; Konno, S. and Tsurutuji, S. Sr. J- Pharmacol. 1983 , 
80, 269) . 

In yet another embodiment, the compounds of the 
invention can be administered for treatment of tissue 
5 damage due to myocardial ischemia and reperfusion, result- 
ing from neutrophils attracted by and activated by the 
complement system. 

The compounds of the invention may also be adminis- 
tered for the prevention or treatment of diseases or 

10 disorders caused or accompanied by increased lymphocyte or 
natural killer activity, including but not limited to 
atrophic gastritus, thyroiditis, allergic encephalomyeli- 
tes, gastric mucosa, thyrotoxicosis, autoimmune hemolytic 
anemia, pemphigus vulgaris, sympathetic opthalmia, de- 

15layed-type hypersensitivity, rejection of allografts, 
graft-host reaction, organ transplant rejection, other 
autoimmune disorders, and drug allergies. They can also 
be used to alleviate the adverse effects of complement 
activation caused by therapeutic intervention such as 

20* tissue plasminogen activator therapy or cardiopulmonary 
bypass. 

Pharmaceutical compositions comprising the inhibitive 
compounds or the salts thereof are provided by the present 
invention. Such compositions comprise a therapeutically 

25 effective amount of the compound and a pharmaceutically 
acceptable carrier. Such a carrier includes but is not 
limited to saline, buffered saline, dextrose, and water. 
A pharmaceutical kit comprising one or more containers 
filled with one or more of the ingredients of the pharma- 

30 ceutical composition is also within the scope of the 
invention. 

Various delivery systems ( e.g. . encapsulation in 
liposomes, microparticles , or microcapsules, conjugation 
to specific molecules) are known and can be used for 
35 therapeutic delivery of the compounds. Methods of admin- 



WO 92/10096 



PCT/US91/09303 



-46- 

istration include but are not limited to oral, intrader- 
mal, transdermal, intravenous, subcutaneous, intramuscu- 
lar, intraperitoneal, and intranasal routes. Such adminis- 
tration can be done in either bolus or repeat doses or 
5 continuously by infusion for instance. 

A further embodiment of this invention includes the 
combined therapy that can be obtained by treating patients 
with disorders ( e.g . myocardial infarction patients) that 
are routinely treated with thrombolytic agents such as 
10 tissue plasminogen activator, streptokinase or urokinase 
with a combination of the compounds of this invention and 
the routinely administered thrombolytic compounds or a 
fibrinolytically active fragment, derivative, or modified 
version thereof. The usefulness of such a combined thera- 
15 py derives from the observation that the complement system 
is activated in disorders such as myocardial infarction or 
bypass surgery. The efficacy of a combined treatment 
could be substantially better than the thrombolytic treat- 
ment alone due to the ability of the complement inhibitory 
20 compounds to modulate the inappropriate and damaging 
complement activation. The administration of the throm- 
bolytic and complement inhibitory compounds can be simul- 
taneous or sequential or in different dose forms including 
combinations of oral dose forms with injectables to name 
25 just a few. 

The invention can be better understood by referring 
to the following examples which are given for illustrative 
purposes only and are not meant to limit the invention. 

30 6. EXAMPLES 

6.1. 2 - ( 1 1 -CYCLOHEXENYL) METHYL- 3 - 
METHOXYMETHOXYANISOLE (9a\ 

The 3-methoxymethoxyanisole, 7, was obtained in 96% 

yield by the following procedure. A mixture of finely 

35 powdered anhdryous potassium carbonate (K 2 CQ 3 ; 2.0 equiv) 
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and 3-methoxyphenol (1.0 equiv) in dry acetonitrile was 
stirred at 0°C for 15 minutes under nitrogen. To ensure 
that the reaction pH remained above six, 100 ml of aceto- 
nitrile were used per gram of phenol substrate. A 
5 catalytic amount of 18-crown-6 (0.12 equiv) was added, and 
the mixture was stirred an additional 15 minutes at 0°C. 
Neat chloromethyl methyl ether (1.5 equiv) was then intro- 
duced slowly. The suspension was allowed to warm up to 
ambient temperature and stirred for 6 hours. After this 

10 time, the mixture was recooled to 0°C, and one-half the 
original quantities of K 2 C0 3 , 18-crown-6, and CH 3 OCH 2 Cl were 
added. After another 4 hours of stirring at room tempera- 
ture, the suspension was filtered and the filtrate was 
concentrated under reduced pressure. The residue was 

15 dissolved in ethyl either (EtjO) , washed with 5% sodium 
hydroxide (3 x 50 ml) , concentrated in vacuo, and dis- 
tilled under reduced pressure. Compound 7 was obtained as 
a clear colorless liquid. Bp 45°C (0.15 mm Hg) . *H NMR 
(90 MHz, deuteriochloroform) 6 7.16 (1H, m) , 6.61 (3H, m) , 

20 5.16 (2H, s), 3.79 (3H, s) , and 3.49 (3H, s) in ppm 
downfield from TMS. ,3 C NMR (CDC1 3 ) S 160. 5, m 158.2, 
129.7, 108.2, 107.3, 102.5, 94.3, 55.9, and 55.1 in ppm' 
downfield from TMS. 

n-BuLi (1.1 equiv) was added slowly to a THF solution 

25 of compound 7 (1.0 equiv) and TMEDA (1.1 equiv), at 0°C 
under a nitrogen atmosphere. The solution was stirred at 
room temperature for 2-5 hours and then cooled to -78 °C. 
Cuprous iodide (1.2 equiv.) was added all at once. The 
light gray suspension was warmed up to -40 °C, and after 

30 stirring for 1.5 hours, turned into a green-gray color. 
The copper reagent was cooled to -78 °C and allowed to 
react with a THF solution of freshly-prepared allylic 
bromide 6a (1.3 equiv). The reaction mixture was allowed 
to warm up to ambient temperature gradually and stirred 

35 

for up to 72 hours. The mixture was quenched and washed 
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with a saturated aqueous solution of sodium bicarbonate 
until the aqueous layer became colorless. The organic 
layer was dried by passage through a plug of potassxum 
carbonate and concentrated in vacuo to give a dark orange 
_ oi i. The crude product was distilled under reduced ores- 
sure to provide compound 9a in 69% yield. Bp 105-C (0.15 
mm Hg). Anal. Caglcd. for cyW C. 73.25; H, 8.45 
Found: C, 73.13; H, 8.50. »H NMR (90 MHz, CDCL3) S 7.03 
(IB. t, J = 8Hz) , 6.71 (1H, d. * = 8 HZ), 6.54 (1H, d £ 
- 8 HZ), 5.23 (1H, broad s) , 5.13 (2H, .) , 3.77 (3H, s), 
3.43 (3H f s) 3,32 (3H, broad s) , 1.95 (4H, «) , and 1.57 
(4H, » in ppm downfield from TMS. «C NMR (75 MHz, CDCI3) 
6 158.5, 155.8, 136.3, 126.7, 120.0, 118.1, 107.0, 104.6, 
94.3, 55.8 (2C* s) , 30.9, 28.8, 25.3, 23.1, and 22.6 ppm 
,5 downfield from TMS. IB (neat) 2940, 2840, 1595, 1470, 
1440, 1260, 1160, 1105, 1070, and 1025 cm" . 

6 2 3- ( 1 ' -CYCLOHEXENYL) METHYL- 2 -HYDROXY -4- 

^rrrnyvBENZOTC ACID (12al 

Compound 9a was metalated at the 4-position by the 
20 following procedure. A hexane solution of 9a (1.0 equxv) 
and TMEDA (1.1 equiv) was treated with a hexane solutxon 
of n-BuLi (1.1 equiv) added gradually at 0*C under an 
atmosphere of nitrogen. The solution was stirred at room 
25 temperature for 3 hours and then cooled to -78 'C. 



CH 3 0 ^OMOM 

30 

Lf-9a 

The aryllithium reagent Li-9a prepared by the above 
35 route was then exposed to a stream of dried carbon dxoxxde 
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gas bubbled through the -78 °C solution for 0.5 hour. 
Carrying out this reaction at 0°C cuts the resulting yield 
in half. The mixture was allowed to warm up to room 
temperature while maintaining a steady stream of gas. The 
5 mixture was poured into water and extracted a few times 
with 5% aqueous sodium hydroxide, then acidified to pH 1 
with concentrated hydrochloric acid, and then extracted 
into ether. The crude product was back-extracted into EtjO 
and the combined organic layers dried over magnesium 

10 sulfate. The solvent was evaporated and the residue 
redissolved in a minimum of boiling ether. The warm 
solution was allowed to cool slightly, and then hexane was 
added to the point of cloudiness. The mixture was then 
allowed to stand in the freezer. An off-white solid with 

15a melting point of 161-163°C was harvested (66% yield). 
Anal. Calcd. for C 15 H 18 0 4 : C, 68.69; H, 6.92. Found: C, 
68.75; H, 6.95. *H NMR (90 MHz , acetone-^) S 7.81 (1H, d, 
J = 9 Hz), 6.62 (1H, d, J = 9 Hz), 5.26 (1H, broad s) , 
4.26 (2H, broad s) , 3.90 (3H, s) , 3.29 (2H, broad s) , 2.01 

20 (4H, m) , and 1.57 (4H, m) in ppm downfield from TMS. 13 C 
NMR (acetone-ck) S 173.0, 164.3, 162.1 (2C's), 136.5, 
130.6, 121.0, 115.9, 106.5 (2C f s) , 103.3, 56.3, 30.0, 
29.4, 25.8, 23.8, 23.2 (2C f s). IR (KBr) 1650, 1610, 1500, 
1455, 1265, 1185, and 1090 cm 1 . 

25 

6.3. 3- ( 1 1 -CYCLOHEXENYL) METHYL- 2 -HYDROXY-4- 
METHQX YBEN Z ALDEHYDE (12bl 

A solution of aryllithium reagent Li-9a, prepared in 

situ by the procedure described in Section 6.2, was cooled 

30 to -12 °C and treated with neat N , N 1 -dimethy If ormamide (1.5 
equiv) added all at once. The mixture was stirred at room 
temperature for 3 hours. The mixture was then poured into 
water, saturated with sodium chloride, and extracted with 
Et 2 0. The organic layers were combined, dried (MgS0 4 ) , and 

35 concentrated in vacuo; the residue was recystallized from 
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c o\ The product was purified 
ether-hexane (SM section 6.2) M) . 

by column chromatography (silica, at / 

Found: C, 73.22, H, 7.4 fl) _ ,. „ 

5 hroad s> 9.64 (» ; - - * 2Ri broaa s) , i. 9 6 («. 

(1H , broaa s) 2.S3 (3H K eWfronTHs „ c ^ 

m >, and 1.56 (4H ») » » 120 6> 11S . 9 , 

(CDCl3) . 194.7 164 6 161-3 - ^ ^ ^ ^ 

115.6, 103.1, 55-9. 29.9, 2 , ^ ^ 

, 0 ppm downfield from IMS. IR (KBr) 2930, 
12S5, 1100, 800, and 640 em- . 

<* * — ^^^^ 

sr— V— af^ zsr- - 

stirred for up to 24 hours at ro F vith 

20 f stared. The rasin heads ««e washed £orou > J ^ 
£re sh hensene and methylene ^ ^J^eslum sulfate, 
comhinad, washed with lla „as purified 

and concentrated in vacuo. The proa , 92 _ 194 . c . 
in 85% yield hy column ,* .^J^, =. 

■ Anal, caicd. for * 68 69; J, ^ 92 ^ 

6 8.52; H, 6.99. -H » , <»~>>;= 9 60 (». *. * " 

ahoutl2.0 (». 7 s ; 85 2 ^' ( :;, i s) , 9 ana ) ;. 69 (10H. hroadm, 
■ HZ,. 3.89 3H B) 2^ ( • ^ 
M in PP. downf laid f r- ™ ^ ^ 3 7.1 

158.7, 132.7, 113-6 M« aownf ield from TMS. 

r?e«s} 24.9/ and 23.2 s»J x t vnr-\ 
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either a 50/50 4N hydrochloric acid/isopropanol solvent 
mixture or a boron trifluoride etherate solution in THF. 
This latter cyclization procedure is not recommended for 
any phenol precursor other than 12a , however. 



10 
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6.5. 7 -FORMYL-4 -METHOXYSPIRO [BENZOFURAN- 
2 ( 3H) -CYCLOHEXANE1 ( lib) 

The phenol precursor 12b was treated with Amber- 
lyst resin as described in the previous section. The 
product lib was isolated and purified by column chromatog- 
raphy (83% yield). Mp 62-63°C. Anal. Calcd. for C^a n 0 3 z 
20 C, 73.15; H, 7.37. Found: C, 73.22; H, 7.40. l H NMR 

(CDCL3) S 10.16 (1H, s) , 7.66 (1H, d, J = 9 Hz), 6.46 (1H, 
d, J - 9 HZ), 3.88 (3H, s) , 2.88 (2H, S) , 1.4-2.0 (10H, 
broad m) . 

Compound lib is easily transformed to lie by a 
25 metal hydride reduction step or other means well-known in 
the art. 



6.6. COMPLEMENT INHIBITION 
The dihydrobenzof uran and spirobenzo-f urancyclohexane 
30 compounds of the general formulae 3, 4, the synthetic 
intermediates of the general formula 5, and the salts 
thereof of the present invention were assayed for their 
ability to inhibit complement by the methods described 
infra. 
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6 6.1. DEMONSTRATION OF INHIBITION OF 

^ ability to inhibit complement was tested by 
The abxlxty to c3a and c5a produc- 

assaying for specxfxc ^ seruffi pool, to 

al i experiments, a sxngie n» 
8 , » JZe of complement, was aiiquoted and 

he used as a source of P^ was heat - a ggreg a ted, 

stored frozen at -70 C. For each cxperi- 

a U,uoted. -"f^r ^ted at 37-C wit, vary- 
merit, serum aXiquots were equ c lassicai 
,0 concentrations of the expound. of aggre . 

complement pathway was .n^ted oy ^ ^ ^ ^ 

^ted Human =on«oX sampX ^ ^ ^ ^ 

always included^ time-eourse study to pro- 

utes (determined in an earXi^ ^ 
, 6 vide a convenient time rntervai a s ter than 

neariv complete, x.e. , «J 1BOto 
tion of C5a or C3a xs nearly co P neD tides (C5a 

, lBnf the released complement peptxaes, v 
90%) , the levels of the re using com er- 

or C3a> were determined by radiol 

20 ^ -er-: 'ho. — ; C3a «. —sham 

RPA-518). need complement 

^r^r^titive immunoassay was usea, c«iu F 
Since a competxtxve j-« < nverselV with 

rc5a and C3a) concentrations varxed xnverseiy 
25 re oir Se Counts Bound ,CB, for a sample wa^e- 

— - rr pexr sr rrr— - . - 

— -B, controx. --^o—a^ 
samP Xe containing oniy tracer peptide ( I lab I 
30 LLd precipitating antiserum; it contained no C5a 

C3a-specific antiserum. fraction inhi- 

T he y-axis in FXGUBB 2 represent^ the fr act 
hition. The fraction inhibition is equal to the 
Bound (CB) for a "sample,.. £ „ no xg G 

3» no added compound, •■ divided by the CB for the 
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control" less the CB in the "sample with no added com- 
pound. " 

INHIBITION m rrCB sample) - (C B no compound) 1 

[ (CB no IgG) - (CB no compound) ] 

When C5a production is inhibited at concentra- 
tions of added compound at which C3a production is unaf- 
fected, the data suggest that complement inhibition is 
directed toward the C5 activation step* FIGURE 2 is 
representative of the data plots obtained from the assays 
described above. The results are summarized in Table VI 
and demonstrate that the complement inhibition activities 
exhibited by some of the compounds appear to be directed 
toward inhibition of C5 activation, and that the inhibito- 
ry activities are comparable to that of K-76 COONa itself. 
~~ TABLE VI 

TN VITRO COMPLEMENT INH IBITION IN HUMAN SERUM 

ICq (itiM)' 



20 



25 



Compound 


C3a 


C5a 


(+)-22a 


11 


6 


(+)-20a 


>14 b 


8 


C-)-20a 


11 


6 


<+)-23a 


>14 b 


>14 b 


12b 


18 


9 


12a 


13 


8 


lla 


22 


5 


K-76 COONa 




3 



* The concentration of compound required to inhibit C3a or 
3Q C5a production 50% relative to control samples which 
contained no test compound. 

b The inhibition observed at this concentration was less 
than about 50%. 

c Only marginal inhibition was observed at a concentration 
35 of about 8-5 mM. 
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6.6.2. »»SfflS« 

^^^^^tTZso tested by 

The ability to ^ a ^L-«-i«t- «- ~" 
raying for xnhxbxtxon Qf hemolysls w as deter- 

lysis 0— W"^- ^ COBpouna concentration. The com- 
5 mined as a functxon of butter 

poun ds to be tested war ^ ^ ^ „ MCh we ll 

,0.15 » HaCl. PH 7.4 . and S O Mel a s the 

of a V-bottom ^^^l to 500 l„ Hepes butter. 

complement source, was dxl com mercially 
•° and SO ,1 were added* ^ » antlbody 

available sheep erythrocytes ^ ^ ^ 

(Diamedix cat. Ho. 789 ^ COTple ment pathway 

added at 100 Ml/-" t0 ^ te tfas inc ubated for 60 

le ading to ^^J^uged at soo x g for 10 
minutes at 37 c and _ fl an(J plaoed in a 

minutes. The supernatants w hemolysis was 

f xat-bottom microtiter pla~ The ^ ^ ro . - 

measured as a functxon °<^J* to maximal hemoly- 

- * ^JTSSl « ^ — " arises 
sis), ^W' wa& . . „ onlv human serum, As, less 

«T ^TaX -taxiing only the red cells, 
tue absorbance of a samp ^ 

Thus, JW " »• - sampl e containing both human 

„ absorbance of an erythrocyte s a p of a 

25 serum and inhibitive ~~£t££~>* « 

defined as W ™ an a IB* was defined as the 

the fraction Cftm " to produce a 

30 ToLentration of inhibitive compound reared 

value of IH - 1/2. _ inhibition, IH, 

FIGURE 3 shows the plot o ^ samp ies. 

~ - — Ta - * - — 
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al assays using some of the compounds of the present 
invention and shows their effectiveness in inhibition of 
hemolysis. 

TABLE VII 



10 



15 



Compound 


TtlA 

IHQso 


1 TOM ) * 


N= 


lla 


1.33 


(+0.49) 


10 


12a 


2.10 


(+0.71) 


2 


14a 


3.0 






15a 


0.82 


(+0.16) 


2 


(+)-20a 


0.68 


(+0.03) 


2 


(-)-20a 


0.38 


(+0.11) 


2 


(+)-23a 




2.1 




(-)-23a 




2.4 




30a 


0.53 


(+0.19) 


23 


3 la 


1.45 


(±0.21) 


2 


K-76 COONa 


0.57 


(+0 . 17 ) 


9 



20* 



*The concentration of compound required to produce a 
value for hemolysis inhibition (IH, as defined supra ) of ~ v 
1/2. -r: 

25 

6.7. IMMUNOSUPPRESSIVE ACTIVITIES 

The dihydrobenzofuran and spirobenzofuranc- 
yclohexane compounds of the general formulae 3, 4, inter- 
mediate 5, and the salts thereof of the present invention 

30 

were tested for their ability to inhibit cell-mediated 
immune activity. The specific activities demonstrated by 
the tested compounds included the inhibition of natural 
killer (NK) activity , the inhibition of peripheral blood 
35 lymphocyte (PBL) proliferation, and the inhibition of cell 
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^ - osr— — b — 

xt tne prox CH0 ce us was observed, 

was tested; no xnhxbxtxon of CHO activi ties were 

determining dose-dependent effects of the o 
invention on immune function. 

10 6 7 1. DEMONSTRATION OF INHIBITION OF 

6 - iffiTPV- tsusxia 

Compounds were tested for their effect. .on the 

^ of - rr - 2 Tr^^ 

- SeDSit S SS. - 'er^nromyeloid leuXemia cells as 
using "cr-labeled K * monon uclear cells as 

^ a fourTour cytotoxicity assay. Effec- 

20 radiant -negation - ^ ^Jo- 
pension verged to ^ ^ ^ ^ 

titer plate. The co p ^ aispensea at 

— COTta ";r Target cells (K562, were labeled for 30 
100 " X POT " e i0 ; ocHf 4. washed thoroughly and dis- 

25 Binut rrr 2 o °i 'oil * «• — » u 

pensed an a 20 dl vo fector -to-target cell 

.eventrations results ^ u=s centri fuged at =0 

ratio of 50.1. Th humidified chamber 

x , for =~ c and ^ 4 tours, 100 ,1 were removed 
30 with 5* 00, "^ radioactivity was measured with a 
from each well and tne raux ivsis was 

L 1275 ga^rna counter. The percent specie lysxs 

calculated as follows: 

, •« - rfFXP - SR) / (TOTAL - B) ] X 100 
35 % specific lysxs = [ (EXP / v 
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10 



where EXP (experimental value) was obtained using effector 
and target cells; SR (the spontaneous release) was ob- 
tained from target cells incubated with media alone; TOTAL 
release was obtained by hypotonic lysis in water; and B 
represents instrumental background. Means were calculated 
from quadruplicate wells and the standard deviations never 
exceeded 10%. Viability of the effector cells incubated 
with the test compound was determined by trypan blue 
exclusion. 

The results of the inhibition of natural killer 
activity for 7-carboxy-4-methoxyspiro[benzofuran-2 (3H) - 
cyclohexane] (11a) sodium salt are summarized in Table 
VIII. 



15 



TABLE VIII 

INHIBITION OF NATURAL KILLER ACTIVITY BY 7- 
CARB0XY-4-METH0XYSPIR0 [BENZOFURAN-2 (3H) -CYCLOHEXANE] 

(lla) , SODIUM SALT 



20 



25 



(lla) 

Concen- 
tration 

(TOM) 

o 

0.4 
0.8 
1.6 
3.2 
6.4 



% 

specific Lvsis 
17 

7 

4 

1 
-1 
18 



Spont . Release 
Target Cells 
Alone (K5621 

6 

5 

5 

5 

5 

23 



Viability 
of Effector 
Cells' 

95 

95 

95 

95 

76 

5 



30 



•Viability was determined by trypan blue exclusion. 
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• «. wi* VIII indicate that compound lia 
The data listed xn Table VIII x .^.^ 
can, at appropriate concentr atxons , effectxv 
natural Killer activity. 

«^ TMHTBITION OF PROLIFERATION 

oo^e, or anti-CD3 — = 10 ^ ^ ^.^idine. Compound 
assessed by the Incorporation of * ^ co „ce»tra- 

'» m was diiuted 7^ concentration of xC 

tions. hu»an «. -re added « a t _ ^ ^ 

caxxs/m!, end Lcentration, X «,/-» — 

(0KT3, ortho, entrbody (f .nal vollun e per 

, s added to initiate proX lnoubated fot 7 a hours 

sr^s: — - > ^rrrrscittiua- 

tion counter. Separate exp wit hout the stimu- 
20 «— only to vlL" „ determin ed 
lant, showed that the PBL were concentration, 
visual by trypen «. - 4 , 5) ^ed 
ranges o£ XXa used above. Th ln a dose- 
that co-pound He inh^ted PEL observea at 
26 aependent aanner. stllM lated witn 
about 0.. « o £ XI. ^^antibody <«,. „ • Be- 

- — - the invention 

the results presented in Table IX. 



35 



WO 92/10096 



PCT/US91/09303 



-59- 



TABLE IX 



INHIBITION OF PROLIFERATION OF 
PERIPHERAL BLOOD LYMPHOCYTES 

IP 50 (mM)' 



PHA-stimulated OKT-3 -stimulated 

S compound PBL PgL 

Ha 0.4 0.5 

15a 0.7 0.4 

(+)-20a 2.1 1.7 

(-)-23a 2.8 2.0 

10 K-76 COONa 0.5 0.5 



The concentration of compound required to inhibit PBL 
proliferation 50% relative to control samples which con- 
tained no test compound. 
15 . ; 

The results (Table IX) revealed that each of the tested 
compounds inhibited PBL proliferation. 

Release of cell surface interleukin-2 receptor 

20 (IL-2R) or CD8 antigen from lymphocytes is a correlate of 
T cell activation (Rubin et al. J. Immunol. 1985, 135, 
3172- 77; Rubin et al. Fed. proc. 1985 44, 946; Fujimoto, 
J. et al. J- Exp. Med. 1983, 159 , 752-66; Tomkinson, B. et 
al. 2d Annual Conference on Clinical Immunol. Washington , 

25d.C, October 30 , 1987). In some experiments, the level 
of IL-2R or CD8 protein released into the supernatant of 
the PBL cultures was assessed by removing aliquots there- 
from just prior to pulsing with 3 H-thymidine . Commercially 
available enzyme immunoassay kits (CELLFREE7* IL-2R, Cat. 

30 No. CK1020 / T Cell Sciences, Inc., Cambridge, MA, or CELL- 
FREE 04 T8/CD8, Cat. No. CK1040, T Cell Sciences) were used 
to determine the levels of the two analytes. The results 
using compound 11a showed that 11a was an inhibitor of 
both IL-2R (Fig. 6) and CD8 (Fig. 7) protein release, in 

35 

stimulated PBL cultures. 
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6.7.3 



DEMONSTRATION OF INHIBITION OF CELL SURFACE 
TTcrrT^T.KUKIN-^ RKCEPTOB EXPRESSION 



The interleukin-2 receptor (IL-2R) is not detectable 
on the surface of resting T cells. Upon activation by 

.specific antigens or mitogens, T cell proliferation is 
mediated by an autocrine mechanism whereby activated cells 
secrete interleukin-2 and express cell surface IL-2R 
(Meuer, S.C. et al. Proc. Natl. Acad. Sci. U.S.A. 1984, 
81, 1509; Tsudo, M. , et al. J. Exp. Med. 1984, 160, 612- 

10 617; Waldmann, T.A., et al. J. Exp. Med. 1984, 160, 1450- 

1466> Compounds were tested for their ability to inhibit T 
cell activation, as indicated by inhibition of cell-sur- 
face IL-2R expression. PBL cultures (1.5 ml; 24-well 

,5 plates) were stimulated with PHA (1 Mg/*D for 72 hours in 
the absence or presence of varying amounts of compound 
lia. subsequently, the cells were stained using fluores- 
cein isothiocyanate (FITC) -labeled anti-IL-2R antibody 
(Act-T-Set IL-2R, Cat. No. AA2009, T Cell Sciences, Inc., 

20 Cambridge, MA) and analyzed by flow cytometry (Ortho 
System 30) (Table X) . 



25 



30 



35 
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TABLE X 

INHIBITION OF CELL SURFACE IL-2R EXPRESSION BY 

7-CARBOXY-4-METHOXYSPIRO[BENZOFURAN-2 (3H) -CYCLOHEXANE] 

5 (lla) . SODIUM SALT 

Concentration Number of Cells Percentage 

of 11a (fflMJ Positive for IL-2R Positive* 

0 4845 96.9 

0.44 913 18.3 

10 

1.76 225 4.5 



Based upon a total cell count of 5000 « 
15 



The results listed in Table X indicate a dramatic 
reduction in the number of PBL expressing the IL-2R in the 
presence of lla. We also observed that the amount of IL- 
20 2R cell surface expression was reduced in the presence of 
lla. The data thus demonstrate that compound lla signifi- 
cantly suppresses IL-2R cell-surface expression, indicat- 
ing that this compound can effectively inhibit T cell 
activation in PBL cultures. 

25 

6.7.4. LACK OF INHIBITION OF CHO 
CELL PROLIFERATION 

The specificity of compound lla's inhibitory activity 

upon immune cells was demonstrated by assaying for lla's 

^ o ability to inhibit the proliferation of Chinese hamster 
ovary (CHO) cells. Non-confluent CHO cells were allowed 
to proliferate for 4 hours in a 96-well plate at a volume 
of 50 Ml per well in the absence or presence of compound 
lla at a concentration of 1.8 mM. The cells were pulsed 

35 with 0.5 pCx of ^-thymidine per sample for 4 hours* har- 
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vested, and the amount of incorporated *H-thymidine was 
determined by scintillation counting. The CHO cells 
allowed to proliferate in the absence of added compound 
yielded a value of 57025 (±7530) CPM. The value for the 

5 sample grown in the presence of lla was 52549 (±6272) CPM. 
These values revealed no statistical difference in the 
proliferation rate of the two samples. Because the CHO 
cell line is of the non-lymphoid type, this result sug- 
gests that the compounds of the present invention do not 

10 generally inhibit mammalian cell proliferation, but inhib- 
it activation and/or proliferation of PBL cultures. 

7 EXAMPLES OF 6-CARB0XYL-4-SUBSTITUTED- 
* gPTPO f 3H> — CYCTiOHKXANES 1 

15 7 , 6-CARBOXYL-4-METHOXYSPIRO [BENZOFURAN- 

* * 2(3H)-CYCLOHEXANE] SODIUM SALT (44a) 
AND 6 -CARBOXYLATE-4 — ETHOXY— SPIRO 
[BENZOFURAN— 2 (3H) -CYCLOHEXANE] SODIUM 

SALT f44b) 

Preparation of 33a-b. Methyl 3 , 5-dihydroxybenzoate 
20 (10 g, 59.5 mmol) in dry acetone (200 ml) was added to dry 
K 2 C0 3 (8.2 g, 59.4 mmol). Dimethysulfate (for 33a; 7.5 g, 
59.5 mmol) was added to the mixture, which was refluxed 
for 24 h. The mixture was filtered. Ether (200 ml) was 
added to the solution and was extracted with H 2 0 (100 ml x 
25 2) . The organic solution was dried over MgSC- 4 ; after remov- 
al of solvent, a crude product (9.0 g) was purified by 
chromatography (1:19 EtOAc/CH 2 Cl 2 ) to afford 33a as a white 
solid, yield 3.9 g (36%). mp 95-97»C; TLC R, 0.58 (1:9 
Et0Ac/CH 2 Cl 2 ) . NMR (CDC1 3 ) 6 7.26-7.13 (m,2H) , 6.63 (m, 1H) , 
30 5.90 (s,lH,OH), 3.90 (s,3H), 3.80 (s,3H). For 33b: The 
procedure of 33a was modified by using diethyl sulfate as 
alkylating agent. 33b: mp 98-100'C; yield, 33%; TLC Rf 
0.51 (1:9 EtOAc/CH 2 Cl 2 ) . NMR (CDC1 3 ) 6 7.16-7.14 (m, 2H) , 
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6.62 (m,lH), 5.70 (s,lH,OH), 4.07-4.00 (q,2H), 3.90 
(S,1H), 1.41-1.38 (t,3H). 

Preparation of 34a-b. NaH (50% in mineral oil; 2.2g, 
91.7 mmol) was washed with hexane (40 ml x 2) under N 2 . Dry 
5 DMF (50 ml) was added and the mixture was cooled to 0°C. A 
solution of 33a (7.6 g, 41.7 mmol) in dry DMF (40 ml) was 
added slowly to the mixture, and then stirred for 1 h at 
25°C. The mixture was recooled to 0°C, and a solution of 
MOMC1 (3.7 g, 45.8 mmol) in dry DMF (20 ml) was added 

lOdropwise. The mixture was stirred at 25°C for 3 h. Ether 
(200 ml) was added to the mixture and washed with HjO (100 
ml x 4) . The ether portion was dried (MgS0 4 ) and concen- 
trated to give a pale yellow liquid as 34a; yield 8.2 g 
(87%). TLC Rf 0.44 (CHjCl^ . IR (neat) 2950, 1740, 1600, 

15 1460, 1430, 1320, 1240, 1150, 1060, 1020, 770 cm 4 . NMR 
(CDC1 3 ) A7. 32-7. 31 (m,lH), 7.24-7.23 (m,lH), 6.79 (m,lH), 
5.19 (S,2H), 3.90 (S,2H), 3.83 (s,3H), 3.48 (s,3H). For 
34b: Procedure for 34a was modified. Yield, 95%; TLC Rf 
0.42 (CH 2 C1 2 ). IR (neat) 2980, 1725, 1600, 1450, 1300, 

20 1240, 1150, 1060, 1030, 770 cm' 1 . NMR (CDC1 3 ) S 7.30-7.29 ; 
(m,lH), 7.23-7.22 (m,lH), 6.79-6.78 (m,lH), 5.19 (s,2H), 
4.09-4.02 (q,2H), 3.90 (S,3H), 3.48 (s,3H), 1.44-1.39 
(t,3H) . 

Preparation of 35a-b. LiAlH 4 (1.7 g, 44.2 mmol) was 
25 suspended in dry THF (150 ml) under N 2 and cooled to 0°C. 
A solution of 34a (10 g, 44.2 mmol) in THF (20 ml) was 
added dropwise. The mixture was stirred for 3 h at 25°C. 
Excess LiAlHL, was carefully decomposed by additional ice. 
The mixture was filtered through silica gel and rinsed 

30 

with ether (150 ml) . The solution was washed with 1^0 (50 
ml x 2), dried and concentrated to give a colorless liquid 
as 35a, yield 6.7g (76%). TLC Rf 0.38 (1:4 EtOAc/CH 2 Cl 2 ) . IR 
(neat) 3400, 2920, 1600, 1460, 1290, 1150, 1050, 925, 
35 840cm 4 . NMR (CDC1 3 ) A6. 67-6.50 (m,3H), 5.16 (s,2H),.4.65 
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pared by the same procedure that us 

I. 50-1.33 (t,3H). so i ut ion of 35. (2.2 9. 

reparation of 36.-*- To a s (so 

II. 1 mmol) ana imidazole (1.51 g. 22.2 I 

1om l), was added slowly TBDHSC1 (2.0 ,,13.3 mmol) ^ 
in CHjClj (10 ml, • The mixture was ^ ■ * £ 
mixture was washed with H,0 (100 * Lx 2 1, 

^^o-Hori to aive a colorless xxqu-n*, 

1100, 1055, 1025, 925, 835 765 5 .15 

CS ' nTn ! 6H> For 36b: It was prepared by the 

( s,9H), o.io (s,6H>. For ^ (neat) 

20 pro ceaure that us« for ~> ~ ' 1100, 

1030, 940, 840, 775 }> 4 „ 

6.56-6.54 (m,lH), 6.48-6.47 (t ,3H), 
(S.2H), 4.04-3.97 (q,2H) , 3.47 (S,3H), 1-43 

*0.94 { s,9H, 0 -"< 8 ;"U. To a solution of 3«a (8.2 ,. 
sr.paration of 38» in dry THF (200 

26 . 2 oi, an« <4^. - 28 » _ aaaed 

ml) under N 2 at 0 c, n dux, v then 
slowly- The solution was starred ^^ »_ 
30 1.5 h at 25-c. The solution was recooled J» J ' „ 
t7 .5 „ 39.4 mmol) was added m one Portion und P ^ 
H , stream. The mixture was stirred for 1.5 ^ ^ 
. 40 »c The mixture was reoooled to -78 c, or 
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mixture was stirred 4 h from -78°C to 25°C. Ether (200 ml) 
was added to the solution and washed with 20% NH 4 0H solu- 
tion until the aqueous layer was no longer blue, dried and 
concentrated to give a brown liquid (10.4 g) . Purification 
5 by chromatography (1:19 EtOAc/hexane) afforded a colorless 
liquid as product 38a (8.7 g, 82%). TLC R, 0.70 (1:9 
EtOAc/hexane) . IR (neat) 2930, 1610, 1590, 1460, 1430, 
1260, 1200, 1100, 1080, 1030, 840, 780 cm" 1 . NMR (CDC1 3 ) 5 
6.68 (S,1H), 6.61 (S,1H), 5.22-5.18 (m,lH), 5.13 (S,2H) , 

104.71 (S,2H), 3.79 (S,3H), 3.44 (S,3H), 3.26 (S,2H), 
1.97-1.88 (m,4H), 1.62-1.46 (m,4H) , 0.94 (s,9H), 0.10 
(s,6H). For 38b: Preparation was essentially that used 
for 38a. Yield, 60-62%. TLC Rf O.66 (1:9 EtOAc/hexane) . IR 
(neat) 2940, 1610, 1590, 1440, 1390, 1370, 1260, 1200, 

15 1150, 1100, 840, 770 cm 1 . NMR (CDC1 3 ) 6 6 . 67 (s, 1H) , 6 . 58 
(S,1H), 5.25-5.22 (m, 1H) , 5.13 (s,2H), 4.69 (S,2H), 4.03- 
3.96 (q,2H), 3.44 (S,3H), 3.28 (S,2H), 2.00-1.89 (m,4H) , 
1.76-1.47 (m,4H), 1.39-1.35 (t,3H) , 0.94 (s,9H), 0.10 
(S,6H). 

20 Preparation of 39a-b. To the solution of 38a (7.2 g, 

14.7 mmol) in THF (100 ml), (Bu) 4 NF (1.0 M in THF, 21 ml, 
21 mmol) was added slowly at 25°C. Solution was stirred at 
25°c for 2 h. Ether (100 ml) was added to the solution, , 
then washed with 5% HC1 (20 ml) and H 2 0 (100 ml x 2) . The 

25 organic layer was dried and concentrated to give a color- 
less liquid as 39a, yield 6.0 g (90%). TLC R, 0.53 (2:3 
EtOAc/hexane). IR (neat) 3380, 3920, 1610, 1590, 1450, 
1430, 1400, 1200, 1160, 1110, 1080, 1030, 960, 925, 830 
cm 1 . NMR (CDCl,) 5 6.70 (s,lH), 6.61 (s,lH), 5.21-5.18 

30 

(m,lH), 5.14 (S,2H), 4.62 (S,2H), 3.79 (s,3H) , 3.44 
(S,3H), 3.26 (S,2H), 2.00-1.87 (m,4H) , 1.62-1.48 (m,4H) . 
For 39b: Preparation was essentially that used for 39a. 
Yield, 95%. TLC Rf 0.58 (2:3 EtOAc/hexane) . IR (neat) 
„ 3400, 2940, 1610, 1590, 1440, 1390, 1200, 1150, 1120, 
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107 0. ,030, 935, 

( »'t H) ' " 3 4 r.- 6 35 io'a^ure o, PCC (5.5 g, 
5 "TIT^ 35-c was added 3» («.. «. 

25 . 6 » » c*£. 1 .ixture was 

U.7 ■»« » «> cl > < 50 ' mixture uas filtered 

stirred at 25-C for U * ml) . The 

though silica gal ^ (MgS 0«, and 

10 solution was wsshed «*M ^ <* J ^ ^ 

concentrated to grve a V^<^ to a£f ord a paXa 

tied by chromatography (3.7 a / 
ye iiow Uguid as m. y «id ..2 g 9 %> • - ^ i43o> 

BtOAc/hexane, . « i 02 0. 930, M0. 7*.. 

151380, 1300, 1200, 1150, 1110. « ' 

. 5.22 . 5 2 ^ (m 4H) . 

^ 'of Potion - ^ 

— - T^o^or^r^o. I-. 

EtoAC/haxane). a (na»t) ^ ^ ^ 

0,4H>. 1.43-1.39 (t 3«. ^ (< , g> 

Preparation of 41a-». » • ^ ffl 

rT^s utl "o " - Jol, in 
added sXowly ag^H «^ ^ ^ stirred at 2 rc 

30 2-propanol (10 ml). ^ TLC) • The 

for 16 h or until disappaaranoe of 4.a (by T 

. .-rf-^actea with ether SO il x !)• . "» 
solution was * X ^ , then dried and con- 

solution was -^Y^rj^ ^ ified b y chroBatogra- 
oentrated. The crude product was p 
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phy (3:7 EtOAc/hexane) to afford 41a as white solid, yield 
3 g (84%). mp 153-155°C. TLC R, 0.60 (3:7 EtOAc/hexane) . 
NMR (CDC1 3 ) S 9.90 (S,1H), 7.04 (m,2H), 5.78 (s,lH,OH), 
5.68-5.65 (m,2H), 3.90 (s,3H), 3.48 (s,2H), 2.09-2.01 
5(m,4H), 1.96-1.90 (m,4H). For 41b: Procedure of prepara- 
tion was essentially that used for 4la. Yield, 76%; TLC Rf 
0.34 (1:4 EtOAc/hexane). NMR (CDC1 3 ) S 9.86 (S,1H), 7.00 
(m,2H), 5.80 (s,lH,0H), 5.70-5.66 (m,2H) , 4.13-4.06 
(q,2H), 3.47 (S,2H) , 2.05-2.02 (m,2H) , 1.92-1.88 (m, 2H) , 

10 1.63-1.54 (111,411), 1.46-1.41 (t,3H). 

Preparation of 42a-b. Amber lyst 15 (10 g) was added 
in one portion to the solution of 4 la (3.3 g, 13.4 mmol) 
in CH 2 C1 2 (100 ml) . The mixture was stirred at 25°C for 6 
h. The mixture was filtered and the solution was washed 

15 with H 2 0 (100 ml), dried and concentrated to give a crude 
product (3 g) which then was purified by chromatography 
(1:4 EtOAc/hexane) to afford 42a as a white solid (2.5 g, 
76%). TLC Rf 0.57 (1:4 EtOAc/hexane). IR (KBr) 2930, 1690, 
1600, 1430, 1390, 1350, 1325, 1220, 1120, 1030, 920, 830, 

20 805 , 745 cm 1 . NMR (CDC1 3 ) S 9.85 (S,1H), 6.93 (S,1H), 6.89 
(S,1H), 3.88 (S,3H), 2.94 (S,2H), 1.86-1.64 (m,6H), 
1.55-1.45 (m,4H). ,3 C NMR (CDC1 3 ) 6 191.77, 160.53, 156.90, 
138.19, 121.25, 105.65, 102.81, 90.36, 55.58, 38.48, 
37.23, 25.05, 22.95. For 42b: Procedure of preparation was 

25 essentially that used for 42a. mp 105-106°C. Yield, 82%; 
TLC Rf 0.55 (1:4 EtOAc/hexane). NMR (CDC1 3 ) 6 9.84 (s,lH), 
6.91 (S,1H), 6.87 (S,1H), 4.15-4.08 (q,2H), 2.95 (S,2H) , 
1.86-1.68 (m,6H), 1.53-1.45 (m,4H), 1 . 45-1. 40 (t , 3H) . 

Preparation of 43a-b. To a mixture of ag. 2N NaOH 
30 " 

(30 ml) containing Ag 2 0 (2.4 g, 10.2 mmol) at 50°C, a solu- 
tion of 42a (1 g, 4.1 mmol) in EtOH (1 ml) and THF (5 ml) 
was added slowly. The mixture was stirred for 6 h at 50°C. 
The mixture was filtered and the aq. solution was washed 
..with ether (50 ml). The aq. solution then was cooled to 
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0°C, and acidified with cone. HCl solution. The white 
precipitate that resulted was extracted with ether, dried 
and concentrated to afford a white solid as 43a, yield 
0.75g (71%). TLC R, 0.62 (1:9:10 MeOH/CH^VEtOAc) . NMR 
5 (CDC1 3 ) S 7.16 (s,2H), 3.88 (s,3H) , 2.94 (s,2H), 1.87-1.65 
(m,6H), 1.55-1.47 (m,4H). For 43b: Procedure for prepara- 
tion was essentially that used for 43a. mp 190-192'C. TLC 
Rf 0.62 (1S9-.10 MeOH/CH 2 Cl 2 /EtOACy ; yield,69%. IR (KBr) 
3300-2400, 1675, 1595, 1430, 1350, 1325, 1265, 1210, 1120, 

10 1100, 1030, 955, 860, 770, 740 CUf 1 . NMR (CDCl 3 ) 6 7.14 
(S,2H), 4.15-4.08 (q,2H), 2.95 (S,2H) , 1.86-1.65 (m,6H), 
1.60-1.45 (m,4H), 1.45-1.40 (t,3H) . »C NMR (CDCl 3 ) 6 
172.17, 160.08, 155.61, 130.19, 120.54, 105.39, 104.77, 
90.04, 63.80, 38.49, 37.24, 25.09, 22.99, 14.84. Anal. 

IBcalcd for CAP*' c < 69 ' 54 '* H ' 7 * 30 * FoUnd: c ' 69 * 40; 

H. 7 • 35 • 

preparation of 44a-b. sodium hydride (50% in mineral 
oil, 0.58 g, 24.2 mmol) was washed with hexane (30 ml) 
under N 2 , then dry ether (50 ml) was added. A solution of 

20 43 a (3.2 g, 12.2 mmol) in ether (150 ml) was added to 
above mixture slowly at 25"C. The mixture was stirred at 
25°C for 6 h and a white precipitate resulted. The mixture 
was extracted with H 2 0 (50 ml) . The aqueous solution was 
collected and freeze dried to give a white solid (3.2 g, 

25 92%). NMR (D 2 0) S 7.10 (S,1H), 6.92 (S,1H) , 3.85 (S,3H) , 
2.82 (S,2H), 1.70-1.54 (m, 6H) , 1.44-1.33 (m,4H) . 

For 44h: Procedure for preparation was essentially 
that used for 44a. Yield, 75%. NMR (E^O) 6 7.09 (s,lH) , 
6.90 (S,1H), 4.19-4.12 (q,2H), 2.89 (s,2H), 1.77-1.60 

30 (m,6H), 1.50-1.40 (m,4H), 1.40-1.36 (t,3H). 

7.2. 6-FORMYL-4-HYDROXYSPIRO [BENZOFURAN- 
2 ( 3H^ -CY^T,QHEXANF 1 ( 52) 



35 



Preparation of 45. The procedure for the preparation 
of 45 was essentially that used for 34 except that' two 
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molar equivalent of NaH and MOMC1 were used. Yield was 
83%; TLC Rf 0.65 (1:1 ether /hexane) . 

Preparation of 46. The procedure for preparation of 
46 was essentially that used for 35. Yield was 89%; TLC Rf 
5 0 . 27 (1:1 ether /hexane ) . 

Preparation of 47. The procedure for preparation was 
essentially that used for 36. 47: colorless liquid; yield, 
83-98%; TLC Rf 0.80 (1:1 ether/hexane) . IR (neat) 2960, 
1600, 1470, 1400, 1370, 1290, 1260, 1140, 1080, 1040, 930, 
to 840, 780 cm" 1 . NMR (CDC1 3 ) S 6.92-6.72 (m,3H), 5.26 (s,4H) , 
4.80 (S,2H), 3.57 (s,6H), 1.00 (s,9H), 0.13 (s,6H). 

Preparation of 48. Procedure for preparation of 48 
was essentially that used for 38. Crude product was puri- 
fied by chromatoqraphy (1:19 EtOAc/hexane) . 48: a clear 
15 liquid; yield, 63-79%; TLC Rf 0.46 (1:19 EtOAc/hexane) . IR 
(neat) 2940, 1615, 1590, 1455, 1440, 1400, 1370, 1260, 
1160, 1100, 1050, 930, 840, 780 cm 1 . NMR (CDC1 3 ) S 6.76 
(S,2H), 5.25-5.22 (m,lH), 5.15 (S,4H) , 4.70 (S,2H), 3.45 
(S,6H), 3.30 (S,2H), 2.10-1.96 (m,4H) , 1.95-1.88 (m,4H) , 
20o.95 (S,9H), 0.11 (s,6H). 

Preparation of 49. Procedure for preparation 49 was 
essentially that used for 39. Yield, 95-100%; TLC Rf 0.45 
(3:7 EtOAc/CH 2 Cl 2 ) . IR (neat) 3400, 2930, 1620, 1590, 1440, 
1290, 1190, 1155, 1110, 1040, 950, 920, 840 cm 1 . NMR 
25 (CDC1 3 ) S 6.78 (S,2H), 5.24-5.20 (m,lH), 5.17 (s,4H), 4.63 
(S,2H), 3.45 (S,6H), 3.30 (S,2H), 2.10-1.88 (m,4H), 1.73 
(s,lH,OH), 1.63-1.48 (m,4H). 

Preparation of 50. Procedure for preparation 50 was 
essentially that used for 40. Crude product was purified 

30 

by chromatoqraphy (3:7 ether/hexane). Yield, 70-76%; TLC 
Rf 0.43 (3:7 ether/hexane). IR (neat) 2930, 1700, 1585, 
1435, 1380, 1290, 1155, 1105, 1050, 950, 925 cm" 1 . NMR 
(CDClj) S 9.89 (S,1H), 7.29 (s,2H), 5.23-5.18 (m,5H), 3.46 
(S,6H), 3.37 (S,2H), 2.00-1.95 (m,4H) , 1.94-1.87 (m,4H). 
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121. XX, X08.79, 94.39, 51.x 

22-46 ' »* 51 Procedure for preparation 51 was 

Preparation of SI. » ^ ^ purif iea 

s essentiaXXy ^J^/^'/hexane, Xt should he men- 
by chromatography (3.7 E QUOt QeC omposed 

ti oned that a large amount of -P ^ yieia (2S%) . 

or „as trapped on siXicagel , ^Whexane, • XK 

Per 51= mp »°-" 2C - * * 1670 , 1595 , 1450, 1410, 

)0 (KBr) 3460, 3420, 2940 1690 1 ^ ^ ^ 

1340, 1200, 1170, 1140, 1080, 10 , s . 72 -5.68 
740 (CDC1,, « 9.83 <S IB , 6-96 (S > 

2 .„0-1.92 C2H, • -;; 1 - c ^ B e , ; f prepa ration 52 was 
15 Preparation of 52. Pro rt was p „rif led 

essentially that ~ "^Z,JL* as eXuent. For 

by chromatography with 3.7 (Etoa ^ 
_ „ n BH3-7 EtOAc/hexane) . IB ( KBr ' „ 

52-. TLC Rf 0.53(3.7 EC / ^ 117S> 

1680, 1590, 1460. 1400, 13X0 X280 1 , 
20 1110. X060, 1000 »30 9 8 « . £ ^ ^ 

9.81 (S, 1H), 6.88 (s f xn, f 

- ^ e /™ «?. 1.58-1-45 (m,4H). 
1.89-1.65 (m,6H), 

25 . „.^odiom hydride (50% in mineral oil. 

Preparation of S3.. Sodium^ y ^ ^ ^ 

62 mg, 2.58 mmol, was washed w ^ ^ ^ g _ 

pry BMP (5 ml) was added and a s After 

moi) i ^rmra m sox:;oror b :n:y^rom^ «..« 

30 stirring for 30 min, a so aropwise. The mixture 

1.29 mmol) in DHF (5 *» ™ ft Bore . Ether (50 ml) 

„as warmed to 50°C and stirred f ^ ^ (5 „ 

wa s added to the mixture which was then ^ 

* " " ' ^^rhr-^graPhy (1:4 Bt^hexane, 
35 (o.4 g). Purification oy «=i 
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gave a pale yellow liquid as 53a, yield 0.3 g (71%). TLC R, 
0.45 (1:4 EtjO/hexane) . IR (neat) 2940, 2870, 1695, 1600, 
1440, 1390, 1355, 1330, 1220, 1210, 1150, 1100, 1045, 920, 
830, 805, 750, 700 cm* 1 . NMR (CDCl 3 ) S 9.85 (s,lH), 
5 7.46-7.34 (m,5H), 7.01 (S,1H), 6.91 (S,1H), 5.14 (s,2H) , 
2.98 (S,2H), 1.87-1.64 (m,6H), 1.56-1.42 (m,4H) . 

7.4. 4 -N-BUT YLOXY- 6 -FORMYL- [ NBU— ] SPIRO 
fBENZOFPRAN— 2 (3H\ — CYCLOHEXANE1 (S3bl 

Preparation of 53b. Sodium hydride (50% in mineral 
oil, 62 mg, 2.58 mmol) was washed with hexane (30 ml) 
under N 2 , then dry DMF (5 ml) was added. To the mixture, a 
solution of 52 (0.3 g, 1.29 mmol) in dry DMF (10 ml) was 
added dropwise. The mixture was stirred for 30 min. A 

15 solution of n-butyl p-toluenesulf onate (0.29 g, 1.29 mmol) 
in DMF (5 ml) was added dropwise. The mixture was warmed 
to 50°C and stirred for 2 h. Ether (50 ml) was added to 
the mixture which was washed with H 2 0 (50 ml x 2) , dried 
and concentrated to give a crude product. Purification by 

20 chromatography (1:4 ether/hexane) afforded a pale yellow 
liquid as 53b, yield 0.27g (73%). TLC R, 0.58 
(ether/hexane). IR (neat) 2940, 2860, 1690, 1600, 1430, 
1380, 1320, 1210, 1100, 1030, 920, 825, 800, 745 cm 1 . NMR: 
(CDC1 3 ) S 9.84 (S,2H), 6.92 (s,lH), 6.87 (s,lH), 4.07-4.03 

25(t,2H), 2.94 (s,2H) , 1.87-1.64 (m,8H), 1.58-1.43 (m,6H), 
1.01-0.96 (t,3H). 

7.5. 6-FORMYL-4 -PHENOXYSPIRO [ BENZOFURAN— 
2f3in-CYCLOHEXANE' (S3cl 

3Q Preparation of 53c. Under N 2 condition, a solution of 

52 (0.4 g, 1.72 mmol) in CH 2 C1 2 was added to a mixture of 
triphenylbismuth diacetate (1.16 g, 2.08 mmol) and copper 
powder (11 mg, 0.17 mmol) in CH 2 C1 2 (50 ml). The mixture 
was stirred at 25°C for 24 h, then filtered through silica 

35 gel and rinsed with 10% EtOAc in CH 2 C1 2 solution (20 ml) . 
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1.90-1.63 (m,6H), 1.55-1.42 <m,4H). 

, « 6-FORMYL-4- (2 ' -HYDROXYETHYLOXY) 
10 7 - 6 ' |pSo[BENZOFURAN-2(3H)- 

. ion ^f^^li^hydride (50%ln mineral 
Preparation of 53a ^ q ^ 

« -m « 9 15 mmol) was wasnea wiu. 
oil/ 0.10 g, 2.13 mm i solution of 52 

w Dry DMF (15 ml) was added and a soxu 

« TZ g' X « -ox. » >« < 10 *» ~ adaed T 

— — ^ ~ »• mtn :*T£2 1 « <* -» 

r^lo^T-e (SO -X, was added to - 

wa S - —r=a:^to 

» etuer Xayer ^cation by =hro»atog- 

give a exude product (O.s g> * 

raPhy ^--^ t s- , sr 

0.70g (83%). TLC Rf 0.50 (1.4 e / 1330 , 1220, 

S S3: t::U';r,;.:-.':'"';...., 

30 0.10(s,6H). was dissolved 

30 The above product (0.31 g, 0.79 ' ml , x.o 

• mil then tetrabutylammonxum fluorxde (X m 

111 Tx 0 m in » solution) was added, solution was 

l^c" 2 h. Ether (30 ml) was added, and the 
stirred at 25 c ror z .layer 
35 solution was washed with water (50 ml) . 
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was collected, dried and concentrated to afford a pale 
yellow liquid. Purification by chromatography (1:4 
hexane/ether) gave a pale yellow liquid as 53d. Yield, 
0.17g (77%). TLC R, 0.34 (1:4 hexane/ether). IR (neat) 
5 3450(b), 2940, 2870, 1690, 1600, 1440, 1390, 1325, 1220, 
1130-1070(b) , 1035, 925, 830, 810, 755cm 1 . NMR (CDC1 3 ) S 
89.84 (S,1H), 6.93 (S,1H), 6.91 (S,1H), 4.18 (t,2H), 4.00 
(t,2H), 2.97 (S,2H), 1.87-1.64 (m,6H), 1.49 (s,b,4H). 

10 7.7. 6-FORMYL-4-P-NITROPHENOXYSPIRO 

[ BENZOFURAN— 2 (3H) -CYCLOHEXANE] (S3e) 

Preparation of 53e. Sodium hydride (50% in mineral 

oil, 0.10 g, 4.58 mmol) was washed with hexane (20 ml) 

under nitrogen, and dry DMF (50 ml) was added. To the 

15 mixture, a solution of 52 (0.50 g, 2.15 mmol) in DMF (15 
ml) was addded slowly at 25°C. The mixture was stirred for 
30 min. A solution of l-fluoro-4 -nitrobenzene in DMF (10; 
ml) was added slowly. The mixture was then warmed to 35°C 
and stirred for 3 h. Ether (100 ml) was added to the 

2o mixture after cooling to 25°C which was washed with water 
(50 ml x 3) . Ether layer was collected, dried and concen-: 
trated to give a crude product (0.79 g) ♦ Purification by ; 
chromatography (1:9 EtOAc /hexane) afforded a yellow sticky 
oil as expected product 53e. Yield, 0.41g (54%). TLC R, 

25 0.32 (1:4 EtOAc/hexane) . IR (neat) 2940, 2860, 1695, 
1570, 1515, 1490, 1430, 1345, 1310, 1240, 1165, 1110, 
1065, 1050, 1025, 920, 865, 850, 800, 750, 745 cm" 1 . NMR 
(CDC1 3 ) S 9.86(S,1H), 8.26-8.23 (d,lH), 7.06 (s,lH), 
7.06-7.03 (m,3H), 2.86 (s,2H), 1.90-1.40 (m,10H). 

30 

7.8. 6-FORMYL-4 -P-FORMYLPHENOXYSPIRO 

rBENZOFURAN-2 ( 3H1 — CYCLOHEXANE 1 f 53f ) 

Preparation of 53f . Sodium hydride (50% in mineral 

oil, 103 mg, 4.31 mmol) was washed with hexane (.20 ml) 

35 under N 2 . Dry DMF (30 ml) was added and a solution of 52 
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1N -in DMF (5 ml) was added slowly at 25°C 
( °- 40 '^^onTUirolzalUde in DMF (5 .1) was 
and a solution of p f luo ^ stirre d for 24 

added. Tne mixture was warmed to 50 c an 
^ coolin, to 2,c, etfcer (X00 - 

S— - — S - o°„c^ to a 

layer was collected.^ to- chromatogr . p ay (1:9 

crude product, Purification** as expected product 

BtOAc/hexane, gave a pale yell ^ ^ ^ 0 . 53 

S3f . yield, 0.3! , (53%). ^ P » 

10 (1=4 BtOAc/hexane, . » (KBB> 2 » . 

,,„„ 1440 , 1390, 1320, 1220, 1170, AU3 , 

1500, l««u, , (B,1H), 7.90-7.87 (d,2H) , 

1.90-1.40 (m, 10H). 

- rvrT - QH1FyANFl1 ( 53q L 

„ •va4«« ro 34 a. 4.31 mmol) and 
Preparation of 53g. Pyridine (0.34 g, * 
Preparatx disso lved in methylene 

52 (0.50 g, 2.15 mmol) were « Triflic 
20 caloride (50 ml, =md cooled at % J*"]' MO i, 

^luorcetfcanesulronic, aneydrxde 

2S Iceutrared'to ^e a crude product, - J- 

ed product pnenol trri late » e) . IR (neat, 

■« •■ '■" rs^» ...... 

35 
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(25 mg, 0.11 mmol) and triethylamine (1.66 g, 16.4 nunol) 
were dissolved in DHF (10 ml) and 96% formic acid (0.50 g, 
10.8 mmol) in DMF (2 ml) was added. The mixture was 
stirred at 60°C for 2 h under N 2 . The mixture was diluted 
5 with water (50 ml) and extracted with ether (50 ml x 3). 
The ether layer was collected, dried and concentrated to 
give a brown residue. The crude product was purified by 
chromatagraphy (1:9 EtOAc/hexane) to give the expected 
product 53g as a pale yellow oil. Yield, 0.29 g (49%). 
!0 53g: TLC Rf 0.69 (1:9 EtOAc/hexane) . IR (neat) 2940, 2860, 
1690, 1585, 1490, 1440, 1340, 1310, 1270, 1250, 1150, 
1030, 950, 920, 870, 800, 785 cm -1 . NMR (CDC1 3 ) 6 9.90 
(S,1H), 7.36-7.33 (d, 1H) , 7.28-7.26 (d,lH), 7.22 (S,1H), 
3.02 (S,1H), 1.89-1.43(m, 10H) . 

15 

7.10. 4-BENZYLOXY-6-CARBOXYLSPIRO 

[ BENZOFURAN-2 (3H) — CYCLOHEXANE] (54a); 
4— N— BUTYLOXY-6— CARBOXYLSPIRO 
[BENZOFURAN-2 (3H) -CYCLOHEXANE] (54b) ; 
6-CARBOXYL— 4 — BHENOXYSPIRO 
[ BENZOFURAN-2 ( 3H) -CYCLO HEXANE ] ( 54c) ; 
20 6 -CARBOXYL-4 - ( 2 • — HYDROXYETHYLOXYSPIRO 

[BENZOFURAN-2 (3H) —CYCLOHEXANE ] (54d) ; 
AND 6— CARBOXYL— 4— P— NITROPHENOXYSPIRO 
fBENZOFURAN— 2 f 3H^ — CYCLOHEXANE1 (5A&Y ' 

Preparation of 54a-e. Procedure for preparation of 

these compounds was essentially that used for 43. For 54a: 

25 mp 173-175°C; yield, 74-83%; TLC R, 0.56 (1:4 

hexane/ ether) . IR (KBr) 3100-2500, 1680, 1600, 1420, 

1320, 1215, 1095, 950, 735cm- 1 . NMR (CDC1 3 ) S 7.46-7.34 

(m,5H), 7.26 (S,1H), 7.18 (S,1H), 5.13 (s,2H), 2.97 

(s,2H), 1.86-1.65 (m,6H), 1.48 (s,br,4H). Anal. Calcd for 

30 02^04: C, 74.53; H, 6.55. Found: C,74.44; H, 6.57. 

For 54b: mp 145-147°C; yield, 81%; TLC R, 0.62 (1:4 

hexane/ether) . IR (KBr) 3100-2500, 1670, 1600, 1425, 

1320, 1275, 1210, 1100, 1030, 940, 865, 765, 745cm' 1 . NMR 

(CDCl,) S 7.14 (s,2H), 4.06-4.02 (t,2H), 2.94 (s,2H), 
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1.86-1.65 (»,8H). 1.56-1-44 (m,6H). 1.01-0.97 (t.3H> . 
Lai. calcd for qM< C. 71.01, H. 7.95. Found: C, 71.01, 

H ' "llr 54c: »P 173-175-e; yield. 71*; TLC P, 
5 fce*ane/etuer>. IK (KBr) 3100-2500, 1680, 1580 1480 1*20, 

5 1310, 1205, 1050, 950, 865, 765, 685^. >. C«*> * 
,.37-6.97 <»,7 W , 2.90 (S.2H, . 1-90-1.60 (. 6H> 1.50 1 40 
(..4H). B C MMR (CDClj) f 171.45, 160.88, 156.32. 153.39. 
Lo.62, 129.86. 123.74. 123.56, 118.44. 112 37 106^9, 

, 0 90 .34, 38.70, 37.11, 25.02, 22.90. Anal. Calcd for «M- 
C 74.05; H, 6.22. Pound: C, 73.97; B, 6.25. 

For 54d: Keaction was stirred for 8 h at 50-C. 54*: «P 
163-164-c; tlc * 0.72 (1:19 «aOH/.ther> ; » 

(KBr) 360O-33O0(b>, 2940, 2860. 1690, 1600, 1430, ^ 1325 
.5^320 1115, 1070. 960. 755, 725 KM* (CDC1,) « JT.1B 

I. li» 7 14 (S.1H), 4.18 (t.2H>, 3.99 (t.2H). 2.96 (S,2H> 

if 6H 1 49 (S.b. 4H). °C HHR (CDCW « 171-24, 

1.87-1.65 (m,6H), X.« I s *' ' 

160.26, 155.23, 130.28. 120.61. 105.44, 105.36, ■ 
69.46, 61.43, 38.48, 37.23, 25.05. 22.96. Anal. Calcd for 

20 c**,, =.65.74; ....... '^^b a *ield. 

For S4e: Mixture vas stirred for 24 n av 
56% S4e. np 190-191-C; TLC S, 0.80 (ether) . IR (KBr) 
1690. 1585, 1525. 1490. 1425 1390 1310 
1230, 1170, 1115, 1070, 1025, 960, 860. 850, 770. 755 - 
*« CtCDCW * 8.25-8.22 (d,2H, , 7.36 (a. 1H, . 7-29 (s .» , 
7.04-7.01 (d,2H), 2.84 (S,2H>, 1.90-1.40 (B.IOH). C« 
(CDC1,) f 170.45. 161.92, 161.35, 150.96. 143.03 131.22, 
126.12, 124.98, 116.93. 113.98, 108.45, 90.76 38 66 
37.05, 24.91. 22.81. Anal. Calcd. for C*,^: C. 65.03, H, 
30 5.18; H.3.79. Found: C, 64.96; H, 5.23; H, 3.71. 



35 
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7.11. 6 t CARBOX YLSPIRO [ BENZOFURAN- 

2(3H)-CYCLOHEXANE] (54g) ; AND 
4-P-AMINOPHENOXY-6— CARBOXYLSPIRO 
[BENZOFURAN-2 (3H) -CYCLOHEXANE] (54h) ; 
6 -CARBOXYL-4 -P-CARBOXYLPHENOXYSPIRO 
fBENZOFURAN— 2 f 3H) -CYCLOHEXANE1 (54i) 

5 54g: Mixture was stirred at 60°C for 4 h. Yield, 84%. 

mp 154-155°C. TLC R, 0.82 (ether). IR (KBR) 3200-2500(b) , 

1680(b), 1590, 1440, 1390(b), 1090, 1030, 950, 780, 

770cm 1 . NMR (CDC1 3 ) S 7.62-7.60 (d,lH), 7.44 (s,lH), 

7.21-7.19 (d,lH), 3.01 (S,1H), 1.89-1.43 (m,10H). Anal. 

10 Calcd for C 14 H K 0 3 : C, 72.39; H,6.94. Found: C, 72.31; H, 

6.95. 

54b: 54 e (30 mg, 0.81 mmol) dissolved in MeOH (10 ml) 
and 10% Pd-C (20 mg) was added. H 2 gas was bubbled through 
the mixture for 5 h at 25°C. The mixture was filtered and 

1 ^MeOH was removed to give a brown oil. The crude product 
was purified by preparative TLC plate (1:19 MeOH/CHjClj) to 
afford a pale yellow solid as product 54h. Yield, 10 mg 
(36%). 54h: mp 193-195°C. TLC Rf 0.49 (1:9 MeOH/CH 2 Cl 2 ) . IR • 
(KBr) 3380, 3320, 2940. 2860, 1700, 1600, 1510, 1420, 

20 1320, 1290, 1270, 1210, 1200, 1050, 950, 920, 770cm 1 . NMR 
(CDC1 3 ) S 7.15 (S,1H), 7.00 (S,1H), 6.87-6.84 (d,2H) , 
6.87-6.84 (d,2H), 2.94 (S,2H), 1.88-1.43 (m,10H). MS m/z 
(relative intensity) 339(100), 322(2), 296(5), 282(7), 

25 258(29), 217 ( 61), 196(11), 167(15), 156(7), 130(9), 
108(29), 93(95). 

54 i. Procedure for preparation of these compounds 
was essentially that used for 43. Mixture was stirred for 
24 h at 60°C. The crude product was treated with CHjNj 

30 which then was purified by chromatography (1:4 EtOAc/hex- 
ane) to give the dimethyl ester of 54i. Yield, 0.l8g 
(51%). Dimethyl ester of 54i: IR (neat) 2940, 2860, 1750, 
1590, 1500, 1430, 1350, 1310, 1280, 1250, 1220, 1160, 
1110, 1080, 1070, 1050, 1030, 1000, 920, 880, 850, 770, 

35 690 cm*. NMR (CDC1 3 ) S 8.03-8.00 (d,2H), 7.26 (s,lH), 7.21 
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* o, r* 2m 3.91 (S,3H) f 3.86 (S,3H), 2.82 
(S,1H), 6.98-6.95 (d,2H), 

(s r 2H), X.88-X.39 (m,10H>. ^ 

dimethyl ester of 5 <0.« £ ^ ^ (g 
dissolV ed in ^-na - ^ ^ 5QOC ^ stirred 

rinS ed wit. ether (20 .X) and the ^ ^ ^ 
fied with cone. HCX. » ^ » ^ precipi- 

ce exacted wito etoer « 5 * ^ ^ w TOS result - 

10 tote vas dried and concentrated a «hi 278 . 280 -c. 

*° ed ae product Mi. ^■'■"^ " 0 U.0(>»,. 1~. 

™ * '^nH;, ». "20, 1170, 1050. 950, 

16 05, 1590 , » ». » ^ ^ (HE0H ^, f 8 . 0 5-8.02 

915, 880, 850, 770, 740 7 . 03 _ 7 . 0 0 (d,2H) , 2-8* 

«(*,». 7-18 (.,« , 7-1 (S,1H)^ s 

„.». 1.88-1.43 = M> 133 . 13 , 126.71, 

168.97, 162.48, 162.13, 153. , j? ^ 

124.86, 118.09, 114.23, 108.04 91 ^ ^ 

26.09, 23.90. Anal. Calcd tor <h&P>- c - 
20 Found: C, 68.22; H, 5.48. 



7.12. 



25 




30 6 



6 -CARBOXY^- \ ~ _cy CLOHEXANE ] (5Sd) ? 
[B ENZOFTOMI-2(3H) CYC^ Q 

6-CAEBOXYL-4-P-NITROPHKN . 
CY ^5^?li^OXY£pHENOXYSPIRO 



Preparation of used for 44. NMR 

of t >ese SSa: - 0*» . 
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(m,10H). 55b: NMR (D z O) 6 7.10 (S,1H), 6.90 (s,lH), 4.13 
(t,2H), 2.93 (s,2H), 1.79-1.67 (m,8H) , 1.50-1.41 (m,6H), 
0.93 (t f 3H). 55C: NMR (DjO) S 7.20-6.80 (m,7H), 2.61 
(S,2H), 1.60-1.12 (m,10H). 55d: NMR (DjO) 6 7.07 (s,lH), 
56. 92 (S,1H), 4.18 (t,2H), 3.93 (t,2H) , 2.96 (S,2H), 1.68 
(s, b, 6H), 1.44 (s, b, 4H) . 55e: NMR (D 2 0) S 8.10-8.07 
<d,2H), 7.13 (S,1H), 7.11 (S,1H), 6.98-6.95 (d,2H), 2.68 
(S,2H), 1.70-1.23 (m,10H). 55i: NMR (DjO) 7.90-7.87 (d,2H) , 
7.14 (S,1H), 7.12 (S, 1H), 7.00-6.97 (d,2H), 2.76 <s,2H), 
101.70-1.27 (m,10H). 55g: NMR (D 2 0) S 7.45-7.42 (d,lH), 

7.23-7.20 (m,2H), 2.93 (s,2H), 1.65 (S, b, 6H) , 1.41 (s,b, 
4H) . a C NMR (D 2 0) S 177.63, 160.05, 139.25, 133.68, 
127.83, 124.60, 112.09, 93.64, 42.45, 38.96, 27.15, 25.37. 

15 8. EXAMPLES OF 6,7-DISDBSTITUTED 

-4 -METHOXYSPIRO [ BENZOFURAN- 
2 ( 3H1 -CYCL OHEXANES1 

The melting points were measured with a Thomas Hoover 
apparatus, and are uncorrected; the infrared spectra were 
obtained with the aid of a Perkin Elmer 2 8 IB spectropho- 

20 

tometer, the *H NMR spectra were recorded in deuterio- 
chloroform, unless another solvent is specified, either at 
90 MHz, in a Varian EM 390 apparatus, or at 300 MHz in Ba- 
varian VXR 300 spectrometer. The 13 C NMR were recorded at 

25 75.4 MHz in a Varian VXR 300 spectrometer. All the sig- 
nals are reported in ppm, downfield from tetramethyl- 
silane, used as internal reference. The multiplicities of 
the signals are abbreviated as: s=singlet, d=doublet, 
t=triplet, q=quartet, m=muitiplet, b=broad signal. The 

30 low resolution mass spectra were obtained from a Finnigan 
3221-F200 spectrograph, at 70 eV. The elemental analyses 
were done by Atlantic Mirolab, Inc. (Norcross, GA) . The 
HRMS was obtained at Massachusetts Institute of Technolo- 
gy- 
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m the solvents and chemicals used were of good^ 
,! cases some of them were purifies 
fol-^established Procedures. All - 
carr^ ou^ under. ^ 
■..,„ The column chromatographies wet 
.atmosphere. « « a tmospheric pressure, using dif- 

.rSTtl- acetic acid^as added during 
'V chromatograpnies of carboxylic acids. 

Preparation of 58. soi ,i_ ODW ise to a cold 

15 ,.,-> S7 ml. «5.34 mmol) was added dropwis 

h e*ane (32.67 ml, Q yl alcono l (M. 5 g, 

solution (0C) of 3,5 a ^ (30Q 

29 . 7 mmol, and TKBDA (5.6^*1 ^«,.« ^ ^ ^ temper,-' 

^90 min"^ reaction was cooled to -45-c and 
^ture ^r 90 min, the - 37 . 13 m-ol) . one 

COPee l t« ^e elecLophile 57 (prepared as described in 
hour later, tne exec * was added vxa 

ph em 26, 879-891 (198»J J WOL 
j. Heterocyclic. Chem. 2t>, temperature, 

syringe. After ^^f^f added, and 
, concentrated ammonium hydros^ (1 ^ (4 

the reaction products were «*" C were ove r 

x 150 ml) . The combined organic p 

remain- 

HgSO., the solvent was ^"^"7^678 mg, 25.49 
ing oil was chromatographed ^"^Led on stand- 
30 mmol, 86*. as UThtT-ther, giving a 

~ "t^c. » (KBr) : 3290, 2930, 1590, 1460. 

whi te solid m P . 61 63 C I J shr: i (m> 4H) t 1-93 

1425, 1210, 1140, Y 1120 cm 

(m , 4H>, 2.62 (bs, IB, exc,. 3.26 bs _2H> 3 (^ 
35 4.59 (S,2H), 5.20 (bs, 1H) , and 6.54 (s, 1H) 
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22.5, 23.1, 25.3, 28.8, 30.6, 55.8, 65.7, 102.5, 116.6, 
119.9, 136.3, 139.8, and 158.5; Elemental analysis: calcd. 
C=73.25, H=8.45; obsd. 0=73.21, H=8.52. 

Preparation of 59: A solution of n-butyllithium in 
5 hexane (4.2 ml, 8.4 mmol) was added to compound 58 (1000 
mg, 3.82 mmol) in hexane (50 ml) and TMEDA (0.69 ml, 4.58 
mmol) . After stirring at 0°C for 15 min and at room tem- 
perature for 90 min, the resulting suspension was cooled 
to -78°C and dry carbon dioxide was bubbled for 1 hr at 

10 -78°C and during 1 hr at room temperature. After adding 2N 
NaOH (25 ml) , the unreacted material was extracted with 
ether and the extracts were discarded. The aqueous phase 
was acidified with 6N HC1 and the reaction products were 
extraced with ether (4 x 50 ml) . After drying (MgSO 4 ) and 

15 concentration in vacuo of the organic phase, 59 (727 mg, 
2.52 mmol, 66%) was recovered as a solid mp. 103-104. 5°C 
(recrystallized from hexane-ether) ; IR (KBr) : 3000-2820, 
1740, 1600, 1460, 1420, 1340, 1240, 1200, 1090, 1015, and 
940 cm" 1 ; J H NMR: 1.48-2.00 (m, 8H) , 3.30 (s, 2H) , 3.88 (s, 

20 3H), 4.03 (s, 3H), 5.19 (bs, 1H) , 5.19 (s, 2H) , and 6.64 
(s, 1H); 13 C NMR: 22.5, 23.1, 25.3, 28.9, 31.0, 56.2, 62.6, 
68.8, 98.7,109.8, 121.0, 123.0, 136.2, 148.8, 158.4 and 
164.3; Elemental analysis: calcd. 0=70.83, H=6.94; 
0=70.77, H=6.97. 

25 Preparation of 60: A solution of 59 (470 mg, 1.63 

mmol) was demethylated until no more starting material was 
left, according to the TLC. The reaction products were 
extracted with ethyl acetate (4 x 40 ml) , then dried 
(HgS04) , concentrated in vacuo and purified to yield 60 
.(332 mg, 1.21 mmol, 74%) as a white solid mp. 150-151. 5°C 
(recrystallized from hexane-ether); IR (KBr): 3420, 
3000-2800, 1720, 1600, 1465, 1345, 1280, 1250, 1195 and 
1075; 1 H NMR: 1.45-2.00 (m, 8H) , 3.27 (s, 2H) , 3.88 (s, 
3H) , 5.2 (s, 2H), 6.5 (s, 1H) and 7.71 (s, 1H) ; l3 C NMR: 
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22.4. 23.0, 25.2, 28.7, 30.2, 56.2. 70.4, 

115.5, 120.5, 135.4, 146.2, 155.0, 165.2 and 172.8. 

Ration of 61: Amherlyst 15 (250 .,. a g/mmol> 
was added to a solution of 60 (40 mg, 0.146 mmol, in dry 
.methylene chloride (2.9 ml, 20 .l/mmol> after 
Overnight at room temperature, the solvent was filtered 
%2 g l a short column of silica gel, the solid. , were 
vashe! with ethyl acetate and the filtrate was filter* 
through silica gel. The combined filtrate, were concern 
„ trated in vacuo and chromatographed, affording 61 (38 mg, 
10 trateo in vac ia 2 -l34»c (recrystallized 

0.139 mmol, 95%) as a solid mp. 132 134 c (r 
from hexane-ether) ; IP (KBr) : 2980-2820, 1740, 1610, 1440, 
1330, 1280, 1260, 1235, 1205, 1145, 1080, 1010 930 and 
780 cm', 'HKMR: 1.35-2.00 (m, 10H, , 2.89 (s, 2H) , 3.91 (s, 
16 3H,, 5.20 (S, 2H, and 6.46 (s, IB, , *C HHP, 

37.1, 55.9, 69.8. 93.7. 96.0, 102 0. 114 8 15 2 »7.8. 

162.1 and 169.6; Elemental analysis: calcd. C-70.04, 

"■ZZZZZ -"-Pound 61 (211 mg. 0.77 mmol, " 
20 was dissolved in THF ,4 ml, and the "Siting eo^o^was 
added to a solution of 10N HaOH (6 -1. 60 mmol^and 
,1 ml, 1 mmol, . Potassium permanganate was (KHn0 4 , added 
to ^ system until no more starting materia! ^ was ^served 
^ tlc. The excess of KHnO. was destroyed w,th «*— 
2 5 ISte and the reaction was acidified with 6N *S0 The 
organic material was extracted with ethyl acetate (« , , ^ 
J U the extracts were dried (M,so 4 , , concentrated in vacuo 
J, chromatographed yielding 62 (120 mg, 0 41 ™°^«*> 
as a white solid mp. 128-130-c (recrystallis*, from 
3°hexane-ether,, « (KBr, : 2950, 2850, 1830 

1455, 1340, 1270, 1210, 1145. 990. 985 and 745 cm , H HHP. 
1 3511.95 m, 10H,, 2.86 (s, 2H, . 3 91 (s. 3H, 5 90 (hs. 
1H), 6.53 (S.1H, and 6.61 (s, IS,, "C HHP: 23 1, 24.9 
37.0. 37.1, 56.0, 93.9, 97.3, 98.0, 102.6, 116.4, 150.1, 
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157.3, and 162.1 and 167.6; Elemental analysis: calcd. 
C=66.20, H=6.25; obsd. C«66.03, H=6.18. 

8.2. SYNTHESIS OF 6 - C ARBOXY - 7 - FORMYL- 4 -METHOX Y- 
SPIRO[BENZOFURAN-2(3H)-CYCLOHEXANE (68) AND 
5 6 , 7 -DICARBOXYL-4 -METHOXYSPIRO 

f BENZOFURAN-2 ( 3H1 -CYCLOHEXANE1 (66) 

Preparation of 65: A solution of n-butyllithium in 

hexane (2.20 ml, 4.95 mmol) was added to a solution of N, 

N, N 1 trimethylethylenediamine (0.65 ml, 5.09 mmol) in THF 

10 (6 ml) at -20°C (CC1 4 /C0 2 ) . After 30 min, lib (1170 mg, 
4.76 mmol, prepared as described in section 6.8 supra ) in 
THF (4 ml) was added dropwise, followed 30 min later by 
n-BuLi (6.35 ml, 14.28 mmol). The resulting system was 
kept at -20°C for 24 h, and DMF was added (02.20 ml, 28.56 

15 mmol). After 24 h reaction period, the reaction products 
were partitioned between ether (4 x 50 ml) and brine (50 
ml), chromatography of the extracts gave 65 (1135 mg, 4.14 
mmol, 87%) as a solid mp. 129-131°C (recrystallized from 
hexane-ether) ; IR (KBr) : 3000-2840, 1670, 1600, 1470, 

201425, 1390, 1320, 1280, 1260, 1210, 1130, 1030, 890, 850, 
770, 700 and 620 cm 1 ; *H NMR: 1.40-1.93 (s, 10H) , 2.93 (s, 
2H), 3.94 (S, 3H) 7.04 (s, 1H) , 10.35 (s, 1H) and 10.70 
(S, 1H); 13 C NMR: 22.9, 24.9, 37.2, 37.7, 56.0, 93.0, 
103.6, 113.7, 120.2, 138.7, 160.3, 164.7, 188.6 and 192.6; 

25 Elemental analysis; calcd. C=70.06, H=6.61; obsd. C=69.84, 
H=6.65. 

Preparation of 68: A 4 N solution of potassium 
hydroxide (52.92 mmol) was added dropwise to a stirred 
solution of compound 65 (2900 mg, 1058 mmol) in THF (10 
30 ml) and water (7 ml) containing dissolved silver nitrate 
(3777 mg, 22.22 mmol, 1.05 eg.) at room temperature. The 
reaction system was protected from direct light. After 
stirring for 2 h at room temperature, the solids were 
filtered and extensively washed with distilled water. 2N 
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L nn.Pd the recovery of the starting material 
products allowed tne rewvc 2 

^ , - 0 n9 r mcr 1.12 mmol, 11% r 

s (1823 >g, 63%), compound 68 (326 -g, 1-1 

yi-) »a ^ « ' «1 hexane-ether, » 

- ,630. 1450/ 1345 1-0. 
"to, 1150. 1105. 1010. 010. 860, 770, 600, . — 

3, 158.28. 168.42, HS (./-. %> = 200 M+. 80), 28 (72) 

,5 272 (100, , 271 (88, . 244 ( 65, 215 (78, 1 2 <98^ 1 
(05,, 100 (65, 165 (03, 164 «>^» «J 
analysis: calod. 0=66.20, H 6 25 ^ ^ 

Direct Kep " ,,t "% 0 ^"- wa r a «ea . solution of 

T^mered and the residue was carefully 
^ ^th water. The coined a^ ^"^^ 
25 extracted with ether, the «aan- 
aud extracted with ether (3 x 25 ml, , the <= ( 
• „ere dried and chromatographed to aflora » 

ic phases were tss-ioo-C (recrys- 

„ =. 91%, as a white solid mp. 188 isu v 

Si 2 ^ acetone), XK (KBr) : 3500-2400. 3000-2850 
30^ 1610, 1410. 1330. 1200 113. 1040 100 3 . « - 

2.93 (s, 2H), •=--■-- . 105.1, 

(acetone d.) = 23.5, 25.6, 37.6, 38.7, 56.1, 1.7. * ° J_ 
111.6, 118.8. 133.0, 157.8, 158.8. 167.2 and 186.1,. 

35 
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mental analysis: calcd. C=62.74, H=5.92; obsd. C=62.66, 
H=6.01. 

8.3. SYNTHESIS OF 4-METHOXY-5a, 6, 8 , 8a- 

TETRAHYDROSPIRO [ BENZO [ 2 , 1-b : 3 , 4-C • ] 
5 DIFURAN-2 ( 8H) CYCLOHEXAN ] -6 , 8-DIONE ; 

6 , 7 — DIHYDROXYMETHYIi— 4 — METHOXYSPIRO 
[ BENZOFURAN-2 ( 3H) CYCLOHEXANE ] ; AND 
4 -METHOXYSPIRO [ BENZO [ 2 , 1-B : 3 , 4 -C • ] 
DT FUR AN- 2 ( 3H1 —CYCLOHE XAN 1 -6 ( 8H1 -ONE 

Preparation of 63: A cold and stirred solution of 62 

10 (150 mg, 0.52 mmol) in acetone (10 ml) was treated with 
excess of Jones reagent (Bowden et al., 1946, J. Chem. 
Soc. 39; Bowers et al., 1953, J. Chem. Soc. , 2548) until 
the starting material was completely converted (TLC) . The 
excess reagent was destroyed with isopropanol, brine was 

15 added (30 ml) and the reaction products were extracted 
with ethyl acetate (4 x 50 ml) the extracts were dried 
(MgS0 4 ) , concentrated in vacuo and chromatograhphed yield~ 
ing 63 (134 mg, 0.46 mmol, 89%) as a white solid mp. 
197-198. 5°C (recrystallized from acetone); IR (KBr) : 3400, 

20 2940, 2860, 1740, 1620, 1450, 1330, 1235, 1140, 1090, 
1020, 930 and 760 cm" 1 ; *H NMR (acetone dj) : 1.45-1.95 (m, 
10H), 3.03 (S, 2H), 4.08 (s, 3H) , 7.15 (s, 1H) ; n C NMR 
(acetone d^) : 23.5, 25.5, 37.7, 38.3, 57.2, 95.6, 102.1, 
123.9, 134.9, 158.4, 161.2, 163.8 and 164.2; MS (m/z, %) : 

25 288 (M+, 40), 287 (32), 231 (40), 208 (49), 207 (52), 85 
(27), 81 (100), 77 (36), 71 (28), 69 (42), 57 (67) and 55 
(61); HRMS: expected 288.0998 for Ci 6 H 16 0 5 , obsd.: 288.0999. 

Preparation of 64: A solution of 61 (300 mg, 1.09 
mmol) in THF (15 ml) was treated for 3 h with LAH (slight 

30 excess). After adding Na 2 SO 4 .10H 2 O and ether, the reaction 
products were filtered, affording the diol 64 (260 mg, 
0.94 mmol, 86%); 'H NMR: 1.40-1.90 (m, 10H) , 2.93 (s, 2H) , 
3.83 (S, 3H), 4.66 (S, 2H) , 4.70 (S, 2H) and 6.47 (s, 1H) . 
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Preparation of 67: To a solution of 64 (260 mg, 
0.935 mmol) in dry methylene chloride (15 ml) BaMn0 4 (1197 
mg, 4.68 mmol) was added and the resulting suspension was 
stirred for 3 days at room temperature. After recovering 
5 the reaction products by partition between brine (30 ml) 
and ethyl acetate (3 x 50 ml) it was observed that this 
was an equimolecular mixture of 67 and 65. 

9. COMPLEMENT INHIBITION BY DI- AND 

TRI- SUBSTITUTED SPlRO[BENZOFURAN- 

10 2 pH) -CYC T-nHKYANESI 

The 4 substituted spirobenzofuran compounds of exam- 
ple 7 and the disubstituted spirobenzofuran compounds of 
example 8 were tested for their capacity to inhibit 
complement-mediated lysis of sheep red blood cells (SRBC) 
15 as described in Section 6.6.2 supra with the modification 
that the human serum used as the complement source was 
diluted to 1 to 100 in Hepes buffer/instead of 1 to 125. 
The results of the hemolysis assays are shown in FIGURE 8 
and Tables XI and XII. 

20 



25 



30 
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Table XI 



Inhibition of Hemolysis by 6 , 7-disubstituted 
-4-methoxv spirorbenzofuran-2 (3H1 -cvclohexanesl 



Compound Mean IH^ (± SD)* n= 

mM 

10 Ha 1.330 (± 0.490) 10 

44a 0.530 (± 0.190) 23 

62 1.670 (± 0.153) 3 

66 0.800 (± 0.356) 3 

15 68 0.164 (± 0.076) 7 

K76COOH 0.570 (± 0.170) 9 



* The concentration of compound (+ standard deviation) 
required to produce a value for hemolysis inhibition of 
0.5 as described in Section 6.36.2 supra. 



35 
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oc 0?5 as described in Section 6.36.2 suera^ 

.* The sodium salt of 4-p-aminophenoxy- 
carbo!!ysp15o[ben Z ofuran-2 <3H) -cyclohexana] 



30 By comparing the inhibition of hemolysis by compounds 

«, « and 68 as shown in figure 8 and table XL. * can be 
seen that the particular arrangement of substitutes at 
positions 6 and 7 of the bensofuran ring is amportant for 
anti-hemolytic activity. By comparing IH,. values for the 

36 position 4-substituted series as shown in Table XII (for 
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example, the values for 55c, 55e, and 55h) , improvements 
in anti-hemolytic activity can also be obtained through 
the optimal choice of the R substituent at position 4. In 
addition, several of the compounds (see for example, 
5 compounds 55c, 55e, 55h and 68 in particular) are more 
effective in inhibiting complement-mediated hemolysis than 
is K76COOH. It is anticipated that optimal substituents 
at position 4, combined with an optimal pair of sub- 
stituents at position 6 and 7, will result in even more 
10 potent complement inhibitors. 

10. IN VITRO AND IN VIVO INHIBITION 

OF COMPLEMENT BY DI- AND TRI-SUBSTITUTED 
SPIROrBENZOFURAN-2 f 3H) -CYCLOHEXANES 1 

10.1. INTRODUCTION 

lb 

The role of complement in hyperacute graft 
rejection has been demonstrated in animal models of both 
sensitized allograft (Knechtle et al., J. Heart Trans- 
plant, f 1983, 4:541; Pruitt and Bollinger, J. Surg. Res. . 

2 q 1991, 50:350-355; as well as xenograft transplantation 
(Adachi et al., Transplant Proc. . 1987, 1145-1148; 
Migagawa et al., Transplantation . 1988, 46:825; Prewitt et 
al., 1991, Transplantation 52:868-873). We have chosen an 
established discordant xenograft model, a guinea pig-to- 

25 rat cardiac transplant, to assess the effects of the 

substituted dihydrobenzofurans on hyperacute rejection in 
vivo . 

10.2. TNHIBITION IN VITRO OF RAT AND HUMAN COMPLEMENT 
30 Compounds 68 and 44a were prepared and charac- 

terized as described in sections 8.2 and 7.1, respective- 
ly. These compounds were demonstrated to inhibit comple- 
ment-mediated hemolysis using human serum as a complement 
source, as described in section 6.6.2 and Section 9, 
35 supra . Compounds 68 and 44a were also demonstrated to 
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•„« the methods o£ section 6.6.2. 
inhibit rat co»pl M ent us^ for huBan serum as 

except that rat serum -as sub ^ recOTbinant com- 
the complement scarce. * refl as described 

plement receptor type l (■«« 46 - 1S1; *eh et al., 

- (Weisman et al., SE^' "Uoaal Patent Publications 

H „. «o 89/09220 andWO 9/ ^ ^ 

C3 b/C4b receptor F assays . The results of 

poai tive ^^^^efinjrableJO^ 

|0 these studies are smuiu _ . 

Table XIII 

X nbibition - rat or ~j£Z£Z£r 




1 . d to produce a value 

.Tbe concentration of /^escribed in Section 

25 for hemolysis inbibit.cn of 0.5 

6.6.2, sssra 



T~7*SU protein inbib- 

" _ ^^^ I ^Ti^i- Potency in this 
its rat and human ha nd. more effectively 

30 assay. Tha compounds, on the ^ty-five- to 70- 

Sit bu»an than "^.^ ^pouTd «6 -e required to 
f ol d higher concentrations o^ P ^ ^ reqaired 

^t rat "^^"medialed iysis to similar 
to inhibit human complement me 

35 levels . 
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10. 3. INHIBITION OF ALTERNATIVE PATHWAY- 
MEDIATED HEMOLYSIS 

The inhibition of sheep red blood cell lysis as 
described in section 6.6.2 predominantly reflects on 
5 classical complement pathway activation since it is initi- 
ated by the antigen-antibody complexes on the surface of 
the sensitized erythrocytes. The assay probably includes 
a minor contribution from alternative pathway activation 
as well. 

10 The capacity of the substituted dihydrobenzofur- 

ans to inhibit the alternative complement pathway was 
assessed using the modified method of Platts-Mills and 
Ishizaka, 1974, J, Immunol. . 113:348-358. Essentially, 
rabbit erythrocytes were lysed using human serum as com- 

15 plement in gelatin veronal buffer (GVB, Sigma, St. Louis, 
MO) with added E6TA (ethylene glycol-bis[/8-aminoethyl 
ether ]N,N,N 1 ,N I -tetraacetic acid) and Mg 2 * to 8 mM and 2 mM, 
respectively. Rabbit erythrocytes (4.5 x 10 6 cells/ml), 
human serum (1 in 24 dilution) , and the compounds to be 

20 tested were incubated one hour at 37 °C in a V-bottom 
microtiter plate, cells pelleted by centrifugation, the 
supernatants transferred to a flat-bottom microtiter 
plate, and the absorbance at 410 nm determined. Samples 
were paired with identical controls lacking human serum 

25 (complement- independent lysis) • Both samples and controls 
were run in triplicate. Control values were subtracted 
from sample values and the fractional inhibition was 
determined relative to the uninhibited (no added compound) 
sample. Results are reported as the concentration of 

30 compound yielding fifty per cent (50%) inhibition, AH^. 
The AH50 values for several of the compounds are included 
along with the results of other in vitro assays in Table 
XIV. As seen in Table XIV, compound 68 inhibited the 
classical pathway more effectively than K76COOH, but was 

35 somewhat less potent than K76COOH in inhibiting alterna- 
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tive pathway. 

"'''.as^OOH has been shown to inhibit the proteoly- 
sis of enactor X an. the factor protain H .Hon^et 

127-104-108. The capacxty of tne 
al 1981, J. Immunol., lz/.i"* iUO 

(SDS -PACE; Wong at al X ^ 
'i^T^I-^-^^- Puri* ied C3b at 
15 TTZ factor I (cytotach, san Diego, <*, at 0.x W. sCPl 
- as Tcofactor, ana test co-pound at varying con- 
_ . . M were mcubated for 60 minutes at 37 C. 
^"weT^ by the action of reducino^ 

i ^foeXB visualized with coosassie Blue stain, and 
gradient gels, ™» u controis Xaclcing factor I 

r :r^r f ^T^ing test . r 

* ^iXr^ts are reported as "-t 
test compound which inhibited approximately fifty pe 
t* n *\ of the C3b a-chain degradation, IC 50 - 
( L results for several compounds are included 



in Table XIV. 
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TABLE XIV 

In vitro assays of complement inhibition by substi- 



tuted spiro [ benzof uran-2 ( 3H ) -cyclohexanes ] . 
Concentration* (fM) yielding 50% inhibition. 



15 



| Compound 


Classical 
pathway IH 50 
(MM) 


Alternative 
pathway AH^ 
(MM) 


C3b cle- 
vage by 
Factor I 
(MM) 


I K76COOH 


570 (±170; 
n=9) 


850 (n=l) 


110 


I 68 


160 (±69; n=9) 


1360 ( ±320; 
n=3) 


150 


I 44a 


530 (±190; 
n=23 


>5030 


2740 




♦Values reported are the mean (± standard deviation; 



sample number, n) 



Compound 68 and K76COOH were equally effective in inhibit- • 
ing proteolysis of C3b by factor I using sCRl as a cofac-, 



10.5. GUINEA PIG-TO-RAT CARDIAC TRANSPLANT 
The effects of compounds 68 and 44a on hyper- 

25 acute graft rejection were tested in a model of discordant 
xenograft ing. The methods were the same as described 
previously (Prewitt et al. r 1991, Transplantation 52:868- 
873) except that the test compounds were substituted for 
the active agent (sCRl) of the earlier study. As indicat- 

3 Q ed in the earlier study, male Lewis rats, 12-16 weeks of 
age, and male Hartley guinea pigs, 4-10 weeks of age 
(Charies River, Wilmington, MA) served as cardiac xeno- 
graft recipients and donors, respectively. Under Halo- 
thane anesthesia, heterotopic cardiac xenotransplantation 

35 was performed by a modification of the microvascular 
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technique of Ono and Lindsey, 1990, J. Thorac. "rt±o«. 
Surg., 57:225, with anastomosis of the donor aorta to the 
recipient infrarenal aorta and the donor pulmonary artery 
to the recipient inferior vena cava. Cardiac xenografts 
5 were evaluated visually over the first 30 minutes follow- 
ing reperfusion and then, following abdominal closure, 
every 10 minutes by palpation until rejection. Re 3 ection 
was defined as total cessation of cardiac xenograft con- 
traction and was confirmed by direct visualization and 
in histological examination. The compounds 68 and 44a were 
prepared as 14 mg/ml solutions in phosphate buffered 
saline (PBS) and were administered as a 2.0 ml intravenous 
bolus into the recipient inferior vena cava, superxor to 
the caval cross clamp, immediately prior to cardiac xeno- 
15 graft reperfusion. Control animals received similar 
volumes of PBS. Three (n«3) control animals were tested 
concurrent with the animals receiving compound 68; data 
from historic controls (n=13) subjected to the same proce- . 
dure and previously reported (Pruitt et al., 1991, Trans- 
20plantation 52:868-873) are also included for comparison 
Table xv includes the xenograft survival times (minutes) 
for individual animals and the means and standard errors 
of the mean (SEM) for the various groups. As can be seen 
in the table, compound 68 treatment resulted in Pronged 
25 graft survival times in 2 of the 3 animals tested relative 
to controls. 
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TABLE XV 

Guinea pig-to-rat cardiac transplant 



10 



K Treatment 


Graft survival 
time (minutes) 


u , 

Mean ± SEM (min- | 
utes) 1 


Historic con- 
trols (PBS) 


5,7,7,9,9,10,10, 

11,16,17,24,40, 

60 


17 ± 4 


Concurrent con- 
trols (PBS) 


5, 7, 19 


10 ± 4 


68 at 28 mg/rat 


7, 150, 270 


142 + 76 


I 44a at 28 mg/rat 


7, 9 


8 
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The present invention is not to be limited in scope 
by the foregoing examples, which are intended as purely 
illustrative of specific aspects of the invention and any 
compounds that are functionally equivalent are within the 
5 scope of the invention. Indeed, various modifications of 
the invention in addition to those shown and described 
herein will become apparent to those skilled in the art 
from the foregoing description and accompanying drawings. 
Such modifications are intended to fall within the scope 
10 of the appended claims. 

Various references are cited herein, the disclosures 
of which are incorporated by reference herein in their 
entireties. 
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WHAT IS CLAIMED IS : 

1. A compound of the general formula , 4: 



5 



10 




4 

in which R represents a hydrogen atom, a lower alkyl 
group, a substituted lower alkyl group, a benzyl group, a 

15 substituted benzyl group, a phenyl group or a substituted 
phenyl group; R, and Rj represent independently, a 
carboxylic acid group, a formyl group, a hydroxymethyl 
group, a N- (lower alkyl) carbamoyl group, a trif luoroacetyl 
group, a halide group, a vinyl group, a substituted vinyl 

20 group having up to 10 carbon atoms, an alkylidene group 
having up to 20 carbon atoms, an aliphatic acyl group, a 
substituted aliphatic acyl group, an aromatic acyl group, 
a substituted aromatic acyl group, a sulfamoyl group, an 
aminomethyl group, a N- (lower alkyl) aminomethyl group, a 

25 N , N -di ( lower alkyl) aminomethyl group, a heterocyclic ring, 
an N- (acyl) carbamoyl group, an amidino group or a 
hydrazide group; R x and Rj together with the carbon atoms 
to which they are attached may also represent a cyclic 
anhydride or lactone; or a pharmaceutically acceptable 

30 acid or base addition salt or ester thereof. 

2. The compound of claim 1 which is selected from 
the group consisting of 6 , 7-dicarboxy-4- 

methoxyspiro[benzofuran-2 (3H) -cyclohexane] , 6,7-diformyl- 

35 

4-methoxyspiro[benzofuran-2 (3H) -cyclohexane] , 6,7- 
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«1 (hydroxymethyl) -^^ S ^^^^JoZ !-»»».«- 

e . ]d ifuran-2(8H) eye f 3H) -cyclohexane] , 4- 

m ethoryspiro ^: M "^ lr o [b enzo [2 , !->= 3 . 4- 

cyclohexane] lactone. 

3 „. - — * r^r ectea £rom 

"the group consisting - ana 

^^°^°^ZZJb,-2 (» -cyclohexane, - 
7-formyl-4-pnenoxyspirotoenz 

o „ f the general formula, 4: 
The compound or ma 9 



15 *• 



20 




► - hvdrogen atom, a lover alRyl 
in which R represents ny s ^ beM . yl group , a 

^oup, a substituted lower J ^ ^ subst ituted 

substituted benzyl group, a J^J^ acld ^up, or a 

30 ph enyl group; *, R , r epresents a formyl 
bioisosteric add or base , ^P or . 

— or a ^U-terrc ^eutral^ ^ ^ „ 

pharmaceutical^ accept 
ester thereof. 
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5. The compound of claim 4 in which said 
bioisosteric base group is a carbamoyl group , a sulfamoyl 
group, an N-acylcarbamoyl group or a tetrazole ring. 

6. The compound of claim 4 in which said 
bioisosteric base is an aminomethyl group , a N- 
(lower alkyl) aminomethyl group , a 2LJI-di ( lower 
alkly) aminomethyl group , an oxazoline ring, an amidino 
group or a hydrazide group. 

7. The compound of claim 4 in which said 
bioisosteric neutral group is an aliphatic acyl group, a 
substituted aliphyatic acyl group, an aromatic acyl group, 
or a substituted aromatic acyl group. 

8. A compound of the general formula, 4: 



20 




in which R represents a hydrogen atom, a lower alley 1 
group, a substituted lower alkyl group, a benzyl group, a 
substituted benzyl group, a phenyl group or a substituted 
phenyl group; R2 represents a hydrogen atom; R t represents 
30 a formyl group, carboxylic acid group; or a pharmaceuti- 
cally acceptable acid or base addition salt or ester 
thereof . 



9. The compound of claim 8 which is 6-carboxy-4^- 
methoxyspiro [benzof uran-2 ( 3H) -cyclohexane] . 
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10. The compound of claim 8 which is selected from 
the group consisting of 6-carboxy-4- 

ethoxyspiro [benzof uran-3 ( 3H) -cyclohexane] , 6-f onny 1-4- 
hydroxyspiro [benzof uran-2 ( 3H) -cyclohexane] , 4-benzyloxy-6- 
5 f ormylspiro [ (benzof uran-2 ( 3H) -cylcohexane] , 4-butyloxy-6- 
formylspiro [benzof uran-2 (3H) -cyclohexane] , 6-f ormy 1-4- 
phenoxyspiro [benzof uran-2 ( 3H) -cyclohexane] , 6-f ormy 1-4- ( 2 - 
hydroxyethyloxy) spiro [benzof uran-2 (3H) -cyclohexane] , 6- 
f ormy 1-4- (p-nitrophenoxy) sprio[ benzof uran-2 (3H) - 

10 cyclohexane] , 6-f ormy 1-4- (p-f ormy Iphenoxy) spiro 

[benzof uran-2 (3H) -cyclohexane] , 6-f ormylspiro [benzof uran- 
2 (3H) -cylohexane] , 4-benzyloxy-6-carboxyspiro [benzof uran- 
2 (3H) -cyclohexane] , 4 -butyloxy-6-carboxyspiro [benzof uran- 
2 (3H) -cyclohexane] , 6-carboxy-4-phenoxyspiro [benzof uran- 

15 2 (3H) -cyclohexane] , 6-carboxy-4- (2-hydroxyethyloxy) spiro 
[benzof uran-2 (3H) -cyclohexane] , 6 -car boxy- 4- (p- 
nitrophenoxy ) spiro [benzof uran-2 ( 3H) -cyclohexane] , 6- 
carboxyspiro [benzof uran-2 (3H) cyclohexine] , 6-carboxy-4- (r- . 
aminophenoxy ) spiro [benzof uran-2 ( 3H) -cyclohexane, and 6- 

20 carboxy-4- (p-carboxyphenoxy) spiro [benzof uran-2 (3H) - 
cyclohexane] . 

11. A compound of the general formula , 4: 




10 



4 

in which R represents a hydrogen atom, a lower alkyl 
group, a substituted lower alkyl group, a benzyl group, a 
substituted benzyl group, a phenyl group or a substituted 
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phenyl group; R, and R 2 represent independently a hydrogen 
atom, a carboxylic acid group, a formyl group, a 
hydroxymethyl group, a N-( lower alkyl) carbamoyl group, a 
trif luoroacetyl group, a halide group, a vinyl group, a 
5 substituted vinyl group having up to 10 carbon atoms, an 
alkyl idene group having up to 20 carbon atoms, an 
aliphatic acyl group, a substituted aliphatic acyl group, 
an aromatic acyl group, a substituted aromatic acyl group, 
a sulfamoyl group, an aminomethyl group, a N-( lower 

jo alkyl) aminomethyl group, a N.N -di (lower alkyl) aminomethyl 
group, a heterocyclic ring, an N- (acyl) carbamoyl group, an 
amidino group or a hydrazide group; R x and R 2 together with 
the carbon atoms to which they are attached may also 
represent a cyclic anhydride or lactone; or a pharmaceuti- 

15 cally acceptable acid or base addition salt or ester 
thereof, provided that Rj and R 2 do not both represent 
hydrogen atoms. 

12. A pharmaceutical composition for use in a method 
20' of treating a patient with an immune disorder or a 

disorder involving undesirable or inappropriate complement 
activity comprising an effective amount of the compound of 
claim 1, 3, 4, 8, 9 or 11. 



13. The composition of claim 12 in which the immune 
disorder or disorder involving undesirable or 
inappropriate complement activity is selected from the 
group consisting of soft tissue destruction due to burn, 
myocardial infarct induced trauma, adult respiratory 
distress syndrome, and myocardial ischmia and reperfusion; 
specific and non-specific proteolytic processing of C5; 
inflammation associated with kidney stones, systemic lupus 
erythematosis, nephrotoxic glomeronephr itis , and multiple 
sclerosis; atrophic gastritus, thyroiditis, allergic 
encephalomyelitis, gastric mucosa, thyrotoxicosis, 
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» 



auto immune hemolytic anemia, pemphigus vulgaris, 
sympathetic opthalmia, delayed- type hypersensitivity, 
autoimmune disorders and drug allergies; and tissue 
plasminogen activator therapy and cardiopulmonary bypass* 

5 

14. A pharmaceutical composition for use in a method 
of treating a patient with graft rejection, graft-host 
reaction, or organ transplant rejection comprising an 
effective amount of the compound of claim 1, 3, 4, a, 9 or 

TO 

15. The composition of claim 15 in which the graft 
is a xenograft or an allograft. 

15 16. The composition of claim 15 in which the graft 

is a heart transplant. 
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